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A n€w mi0rphoa9f mimQtmotiomal inorgtmie ioa 
imd^r a nag* of eoa^tloas* ?tie ioa-«xelt»]ig« prop«x^ 
ti«0 of tho •ttxiotto prodneto !!«•• beco stiidi«d and tMo 
ThiRo mtios luiTo !>•«& dotszeimod* flio eli«aie«I otabi* 
lit^Tt ^ o^ oliatloii emir% «id tho pB-titratiOB e«rr« of 
th9 mmthtag9T bm'W «loo boon otodlod* (te th« baoio of 
tbaoo propertioo and tlia ?»6»A« ati^iea of tha axoiMmgoi^  
tha foXlo«liig atfttotara Itaa baaa profoaad t«atativalys 
m 
I 
• 8 0 0 . «> fll • B»00. 
* I * 
oa 
fo axpXora tha anaXrtieal utilitgr of tiiia aatarial 
i:d Taltiaa of aa'rari'l matal iona Jiava baaa datafslaad on 
a tmi •aa|»laa« MM a raaeltt qiaantitatiTa aaparatiffiBa 
of faClII) - Ctt» ?a(XII) • &i and Fa(III) • Co luiTa ba^ 
eehlaYad on ttiorloa sol^ rbdata eolunia* 
Tha ftdaorptioii of twantj satal iona f^ FO« a«aaooa 
aoltitiona of fomle aeid of vaxyl&g iHilarltr and tnm 
Blzad aolvtlMia of ofitaoits fez«la aoid «itii vaxying 
o9ao«itz«ti(m of aqaaoua dionot on eatioit «-> ascelumga 
ifaain Doaax SOW » X8 (100 «• SOO weafa) iiaa baan atadbLad* 
!CL«etro|phor«tic aeasarttiflfttw liair« mf9 ^•«a sad* in 
fon^e aeid •olutioais* Poacit>X« •«fajnition« imrm bc«a 
8ugg««t«d fdid di0e«i««0d» Qixe»titfttiT« ••paratlcms of 
Zr • fhy Zr • S« «nd Bi » On hare l>««it aelil«v«d on tli« 
rMin eolwoiB* 
sil 
C H A P T f R I 
/melytioal eh«^s t ry 4«al« with ttie det^ti<m» 
dfttorednatlcm end separation of organic and inorg:anie 
iBatezlals. HoweTer th«» f i r s t and prot>atoly th t aoat 
inportf^nt step in the analiirsia of a complex s ix ture 
i s the aeparation of i t a ooni^titu^ata* The dataotion 
and determination of the oospfmamta thua iaolated i a 
th€fi a re lat ively almpler proceaa U9in<r auitable teeh*» 
niquoa suoh a» reain apot teata* apeotrophotONnetfy and 
polero?fraphy« Determination can also ho done uaini? 
apaoifie ion aleotrodea (i*5)« fhia novel teoini«:|Ue 
i a expected to a lnpl i iy greatly the apeoifio dateriGina* 
tion of iona auch aa Al* # ^^t Ca eto« However theae 
elt^otrodea are a t i l l in a atage of dtavelopaimt and even 
in thia oaae th« nee6 for aepax^titm reaaina. 
Separation nethoda owmonly uaed Include ion-
exchani^a (6-»ll)t hcmogenoua prec ip i ta t ion (iS«>i4)t 
liquid*li<tuid extraoti(m (15*19)t chrosii>tograpl^ {8CU.82) 
and aome e lcotr ioal satlioda* And i f <i9e are dealing 
with «n InorfftUlo flifit<ifl?»l icm-«xohaiif« 1» pro^utjly th« 
alsi^lest una th« teoet v«r»iitlle of a l l th« s9?^arfition 
I t i s therefore no wonder thi^t th# iiiportpnce of 
ion-e3rchonit« hisa tr«Bendwi«ly inoroaaod during th« Xaet 
twenty :fenT9 (2S)# I t i s being a«#di isor# snd mors to 
solve the problem!© of the industry, to study the sseohs-
nisffl of rssot ions, for deotmtsBinetion of wnter in 
nuolesr resotors , for tn© detsetion of orgonio fUne-
tionul groups (24«g6) imd for the dissolution of s i l i c s t e 
rooks (27)« Ion eatohanger sembrsnes are being used in 
physiolOFiosl ohsKietry, in Mopl^sies an-* to understand 
the ion-exohanfre proossa C28)» However the jstost iiapo*^ 
tant application of ion-oisohs»^e i s ©ti l l the purif ioa-
ticm ftnd diitjineralimotion of water* th i s i s due to the 
fftot that th«%re are very few teohnitvues which are as 
simple, ineitpensive, and efficient as ion-exohanirs* I t s 
crowning RChieveatnt in the inorganic field has been the 
auooeseful separation and isola t ion of lanthMnidea nnd 
recently the separation of no>>le r.et«l9 {?9)« In the 
organic Held the separation of ai^no ecida and score 
recently the separation of nucleic acids (30) ffif»y be 
E!»ntion*?d ss eatasples of i t s anplytioal po ten t ia l . 
9. 
I t i s ho«eir«r g«n»rally r«ooirni8ed that th«r« «ii>« sone 
nspeeto of l<m-«3roliai}i?e wnioh n«»di ftirtli«r t t u ^ * ?ims 
ftoeordini? to rt«lff«rloh,**Pertition etiX'OSfttogrtyphy with 
iofi oxohani^ora IIRS SO fctr l>o«n develop«<t by <mly a few 
inT08tl{i^fttor«« On« «©jr ftop« for ftirthar pi^ip**** In 
th ia pmmiaing fielt)"* 
fhott^ th© lofi-exofeanf^a reaim* hftva be<m wlfl#ly 
Utt«d only for tho l a s t twenty yaare y«t a niwbar of 
l lmitat iona of thaae atibotanoaa have been attf^etinir 
a t tent ion for quite eorae tisie. The baaic l imitat ione 
of theae reains ere ( i ) t he i r themal i na t aMl i ty 
<i i ) the i r brealcdown by raAiatlona (SI) and ( i l l ) the 
d i f f icul ty in the i r a^ntheaia* to ri^ove theae l i s i i ta-
tiona efforta hare be«ni oonaiatently made to prepare 
aynthetio inorgj^nlc ion exehpjRferi^ which ere swffieiently 
atable in preaence of radiiitlcma (3S-36) and at hiirher 
t«spereturea <36}« Hew inorganic ion exohf»ni^era have 
alao be<m i^ntheeiaed with reqa ie i te proptr t iea and to 
aolye apeoiflo problena. B&me of the ea r l i e r etudiee 
in th ia direction haire bff«n c r i t i o a l l y reviewed by 
Aisphlett (3T)» 
A novel feature of the inorganic ion eirchfnfera 
i » the eaa<» with which theae na te r iu la with <!lwerae 
pFop«rtl#a Ciifi b« ayntheRloed* Thu ayntb^slB of a 
ii€w ion «xoh«iig«r i« ftlways of in te rea t baoaiis9 th« 
aalftOtivity una apeoifici ty of tha ioa axchmiffara 
dap end liiTgtIy on thoip oospoalticm and th^ eon<ll» 
tlona of preparation* fi taniun nolybaate (38) i a 
aeI«otiY« for thaliluii* Stnnnio nraanata (39) i a 
aeXeotiva for iron(IIX)* iltanitim tun^atata (40) 
and stennio ®olyb<3«ta (41) ara a€l<>>etiTa for lead, 
fliio se lec t iv i ty nay be due to (1) ion pa i r fomation 
or ( i i ) ion aieve prop^rtiaa of the axoheyn^ar or 
( i i i ) Bomm other phyaieal in teraet iona raauXtinir in 
®xtr«r.aly hii?h or low KA vaXtie of the ion. An axtrcs:* 
example of oeleot ivi ty i a ahown by pol#oulnr aievea. 
Theae aubattmoaa are inorganic material a with a defi* 
nit© pore a i se . they exclude Boleoulea larger than 
the openin^'B in the i r fraseworic and they aorb eonple* 
te ly at^all ttoleoulea. 
I t i a a teati&tmy to the ^reat in te rea t which 
hna been ^€«ierated in ohf^oe l oirolaa by the elaaaioal 
work of Boyd that while in "lon-Sxohani?e" publiohed in 
1962 the topic of aynthetio inorganic ion exohanfrera 
waa treated only in three pai^ea the l i t e r a t u r e publ i -
ahed on thf aais*? topic was 8«ffioi<mt in 1964 to 
jua t l l^ a ocfsplete aoncmph by Aiophlett. Hew 
syntheses of inorirfmlo Ifm exohanrers Iftad to a b«rtt«r 
undei^tfindin.?^ of th« lou-earohwif** proo^ss* fhey le«d 
to n«« nnrlytioftl sepftratitms. The rmQvphmi» ion 
ajrohanifer sir^ sofsotlnefi be oiystifl 11894 and thmt i t 
b«N»oetftse fe»oinr?tlni? etad^ to oorrdlnte tib« o?yntel 
s t ruc ture (42) with i t s ioit-exohottiro p»>pe3rtie8. 
Ho«rov«r before an Icoi exohmnner oun b« used 
for Actual nnslytioal eepas^tione i t e enalytioal pot^ i -
t i e l ffiMst be Rsoertained* fhe ainplest way eooording 
to AXbertl l9 the prepsratlcm of lon-exolianfe petptfrm 
and to determine the Bf values of nuaerous »et^l ions 
in n la rge nuisber of possible solvents . Karlier studies 
in our laborratories (4St44) had shoim the hi«?hly seleo* 
t lve separations which oan be achieved with these petjers. 
t h i s se lec t iv i ty i s further enhanoed when aqueous solvfifits 
pre replaced by nixed solv<mtB (48) , The Siyparations 
thus achieved cm ion-e3rohani:?e pepefn can be l a t e r ^ i 
tTOnsfered, with great adi^ntpj?e» to ion-earchanife 
colusns* iUid thus separations which were poeeible only 
in ndlero quant i t ies can be achieved on a Inrge scale* 
these are soit« of the siore ir portent aspects of 
ion-esrohange which need further study. All these aspects 
are interconnected '^ith (me another. The prest^nt wortt 
3UiwnriR«d in the follo^dnr pit^«» w«0» therftfortt 
undortektn to m«fee a i90r« detail«6 Invoatigrttion of 
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C H A P f 1? R IX 
siPAHAficai OF nmkt i ( « s OR TifAiriiiM ( i f ) ttwastATB 
Th« •yAtti««l« of new inorgnnio ion «]coiiaiig«7i 
itfid tholr use for tho ir.pr«iiiA«ioR of ohronatofT^hle 
papers hne been reoentljr reiriewod (1*3)« Sisoe the 
pulslioatiOB of "Inorgnnio l<m i?wiliiiiger»" by Awphlett 
eon# woric has be^ done in these lal»oratories in iyn* 
tbesisini; new inorgsnio Ion exohaafers and exploriniK 
the possibility of using thea in inorganio paper ohro-
natography (4«6)« There are a nuaib^ r of advantages in 
using these exebangers for paper ehroMatographyt 
(a) these papers are &ore seleotive than untreated 
papers* ainoe now the Hf values depend en partition as 
well as ion-exehange (b) they are easy to pr^are 
(o) their ion-exohaage natexlal and their ioa-exohange 
oi^aoity oan be altered at will aooording to the require* 
Bents of a particular separation (d) the separations on 
these papers are fast* predietable and reproduoible* 
Theee advantages are further enhanced i f nixed 
aolvent syatMis are used for oation aeparatimta* Sane 
efforts in this direction have been found fruit Ail in these 
1 ''J 
XnborfttoriM (6f6)« nom«'999f th« ««]iiii*AUon |>ot«Rtial 
of pap«rs lsis>7«isriat«d with tjmtlifftie inorganlo ion 
•xeti«ii|c«ra hut not h^en tulXy oicplorod and i t needs 
Airther otudjr* A ooAveh of the Iitoratur« showod that 
titimiiaa (If) tun^atate piipara imr* net b«en ttaad for 
cation aaiMirationa in the paat* fha preaant chapter 
daaoribea the raaaita obtained when 52 aetal iona were 
ohronatographed in 45 aq^eoaot nofwaqneoua and aixed 
aolTent ayateBta uaing papera ispregnated with titaniua 
(X7) tungatate* As a reauXt a nt»her of intertetinir 
a^arationa have be«i developed* 
11 
E X P I s a i M B i r f A L 
<lPPitfl^t« Cliro»«togjp«E>Hjr WM p«rfonw4 en 
14*6 z 9 OB wiiatMAA fro«l pftp«r atrlpt la SO z 0 on 
gXa»ft jar* by tli« asoending B«tbo4* 
KaagwitBi 01i«ale«X« and solvtata w«r« titHar 
E, Ifarok (Demstadt) or Britiah Drag Houaa (B«I}«H«) 
Malar raaganta* A 15f^  tltaaio otiloxld* aolution 
(B, !)•&•) wao laaaA. 
tioa of titaaio ohloridia «id a 0*81^ 8 aolutimi of aodimi 
tungatat* vera prapared in diatilXad «atar« l^ apar 
atrlpa wmT9 lirat paaaad throagii tittfiio ohXorida aolu* 
tion for 3 to 5 aaoondOf tha aioaaa titanio eliXorida 
wea r«noTad hy placing tba atrlpa on fiXtar pi^ar ahaata* 
Tlia atripa vera than dippad in aodinB timgatafa aolntSim 
for & aaoonda and ttia aimaoo vao draiaad off* fha 
atripa vara driad at roon taatparatttrat waahad 3 ti«aa 
witli diatiiXad aatar in ordar to roROva axoaoo raagant» 
and vara finalXjr aXXowad to dry at roon tai^ ^arfitiiFa for 
12 lira* and uaad aa auolu 
1 9 
Ci^ tion Solutionai O.IH solutloiio of otilonde»« 
iiltr»t«s» or flRilplmtoo of noat of the oationo wore 
pri^ftirta la O.IM ooXtttion of th« oorroopondini;; ai^do. 
Bioftiith aad antittOQjr eiiloriaoo ««r« proparod i s 30^T/V) 
HCX aoltttion* Oaa p«r oaitt aoltitiofia of gold and 
galUita ohloxidoa woro pri^artd in 411 ml and aldliitai 
p«nteoiaoxldo {VfL) wmm proparod la IOf( tartavle aeid* 
SoXanitaa dloiida »aa diaaoXTod in natar and «ada aXkaXina 
with XR KOR aoXutitm* Oaxie ouXphata «aa prapavad in 
3M RgSO^ t Mareurio nitrate aoXution waa praparad in 
0.8X HXO^ I AagOg and 8a(ll0g}g wv% diaaoXvad in t^ foro^ * 
fha -vaXanoiaa of tlia mataX iona uaad ara aa 
foXXowB tmXaaa otiiaywiaa atatad* Ba(2I)» flg(XX}» AXCllDt 
Xd) , OadZ}* f(XV)» Cr(2XZ)» ito(ZZ)t Fa(ZI)t Oo<XI)t 
RiCXDt Ott(IX)» di(XZ)t Oa(ZXX)» OaCXT)* Aa(XIX)» Sa<IT)t 
m>(x)» sr(xx)« t(xxx), zv(xv)t in»(T)« IIO<TX)« MzzDt 
?d(XX)9 Ag(X)» Od(XX)» InCXlD* Sa(XZ)t Sb(XXX)t 7o(XT), 
Ca(X)« Ba(XX), I«(XIX)» Oe(XXI)» Fr(XXI)» ffd(XXX)» 
SaClXX}» Hf(XV)t Xp(XT)t Pt<Zf)» Bf(X)» n(X)» 7b{XX)» 
BiClIX), tMlf), UOg(XI>. 
^tootogat Saturated R^S aoXotion waa uaad to 
dataot Agf ?b« E|KXI)» Hg, Bit 7^t Cd^ Aa» Sbt Pd» and Ott. 
A fraah aoXution of aodiua eobaXtinitrita waa uaad to 
detoot K» Hb end Oa« 0«i^ aXoonoXio aeXuticm of AXiaarina 
4 ^ 
1 '3 
Hed i wft« u««d to 4«tMt l»mt 0«t 0«(XT)» T« %Vt Ttlf Hf* 
Xn« 0«» Sb» ?rf Silt and ltd* Stmnous ohloria* In HCX 
was tt««d to d«toot AUt ^^ f O^f TOf and S«| Alp Bet ^md 
0« ««r« d«t«etod bjr t^ ftleotieUo •olntloa of almdiioii. 
tUphmjfl oas^«fldo was uaad to dotoet Mat ^v§ 1^9 «n' 
2fit F«(ZXX)t n crOg wovo dotootod witii X 7^o(C!f)^ « »i 
wmm dotootod w&tii qulaalisaTliio* A tt—h S# aolutioa of 
«odiu» rhodlsonatt was uaad to dotaot Sa and Srt ^ «»• 
dataotad vitb t^ BOX aolutloa of tldouraa* 3n and 
SnCXT) wrm dataotad hy pfeioapHonolybdio aeid aoXutioa 
and dithl^-aona rai^aotiTaljr* da waa dataotad by f&rat 
dipping tlia atfip into mo^ aoXution of amBOOivoi noXy* 
bdata and tlian into aoatia aeid aoXution of boaaldina 
and axpoaing to anaonia vi^oara. 
Preaadagat tnin gXaaa oapiXXaifiaa vara uaad to 
appXy the taat aoXatimia on papaya* tba onronatograaa 
vmrt oondltionad fog S to 10 ainntaa and than tha aoXvent 
«ao aXIowad to aaoand 11 oaa fgon tha atarting Una* 
Tha tiaa of davaXepaant haa l»aan apaoifiad with aaoh 
aoXraat* To obtain a eXaag pietnra of tha edea of tha 
opott inataad of aisq^ Xy giving If iraXaaa of tha apote, 
tht nt of tha front Xiait im,) and Bf of tha vaar Xiait 
(H )^ of tha apota are ^rmk in paranthaaaa* 
u 
H E S 0 L f S 
Xa 07<t«r to pr«die« «id <l«v«}.op scpamtions of 
ARftljrtiOftl ij^ortanoo etiroBittoirn^liio bohairloox' of 
»ot«], ions vfto otudiod on Utanlua (XY) twigotato paporo 
in tfio folloiviai solYont wytmtm* 
U m AanoniuK ttoiooyflnftto • %M BOl ( I t l ) 
e« Aootono 4^  Aootio aeid • a^^toiioa. * 4U mUltUXtl) 
S* st-btttoiioX • Itloxaa • 60^ RSO^  (aiEtS} 
4* Itnyl netl^X ktttmt * Aeotono • eO^ HOX C7i3iX) 
6* 0«XM AAt^vaailio miA i a 0(H& Btiumol soXtition (pH-8) 
6« Aootono • Aootio eetd 4 »»teiit«ioX • 411 aSfO^<ltititX) 
?• IK AWBoalim fonutto i a 411 SH^m ooXutioa (|ia«9«0} 
d« 2M Anoaiiia foniato 4^  1^ nn^m ( l i i ) 
9 . o^ 5M MaXoaio aeid i a SH m^m »oXiiti(Hi 
10, ithyX att^X kotoao • Aootono • 50^ UOX ( i t d i l ) 
XX* It i^X aotl^X k o t o a t • Aootono • 0O# HCX ( l l tS i6 ) 
XS« Fornie aoid • MIIBOXO • Aootono (XtXiS) 
X3* f o m i o ooid • m.ox«a • Aootoao (Xt2iX) 
X4* Fovnie ae id • SrettUiBOX 4- HOX (XiSiX) 
15. tO^ fOBMlo •©!<! »ol.«tloii ( f A ) 
16, Pttr* rondo oold (99«9^) 
!?• O.SIf 01 tr ie mold 
m» IM iritjrlo ftoid 
19* m 91trio aold 
20* 4Bt HI trio «eid 
Sl« IM ABnonlim tor(»Bidi« 
se* m Orthophoophorio «eid • m HOI (111) 
88, O.IK ISfA • IK HR4CI • IK HH^OH (JSlltl) 
24, O.SK AiiBOiiiim aootato •> O.IM Aootlo noid (111) 
25. 0.5K JUmoRlua ftootato • O.IK Ao«tlo ftold (Si l ) 
se . O.SK iksaionltia aeotftto • O.IK AooUo aoid (ItS) 
S7. IK AMsoRiim nitrato • SK SI trio sold ( I t l ) 
£8. 1.6K MjmmXvm laotato oolutioa 
89. Aootyl aootoao * Aootimo • 609( 1101 (6 i3 t l ) 
30. O.SK Bono aoid 4> 0.06K 3onuc (TlS) 
31. n-biitaiiol • Qlox«a • bOlt WSO^ (S i I t l ) 
38. 39( AORimltiB eitrato aolutiaii (w/f) 
33. 1^ Slaothyl glyoiiiio l a 80^ BttumoX eolittioii 
34. iwtmta&oX 4 ROl (7i3) 
;%• ithjrX aeotoaootato • 809( Motl)ylanitt« liydroehXoildo 
• %drol>roMlo aoid (9i8t4) 
36. KtnyloRO glyool • moxan • 50^ SOI (5i8t3) 
37. AootOQo * Aootlo aoid • s-lmtaaol ^ IM ifaCl (It It 111) 
IS 
38* m Mmmavm fonuit* • sm Fond.0 soid ( i l l ) 
39* %M AaiKmltitt £»»&&%• 
40» m MmmiXvm broeid* • SM n^fArohrmie aoid (liX) 
4U 3fttur«t«d solutKm of KOI • 0»8Ji HCl ( H i ) 
4e* Mtsyl m^tbyl ketme • Ao«ton« 4. 60^ HCl (61 Sit) 
49» CyelotiftttMiontt • Aectone • KK H^ O^  (et3tX} 
44« Zsopr^yi alooh^ • ?yrldiii« • 60^ i!Cl • 
Ao«tie neld (9t9tSii} 
45. Plp«rldiii« • Ae«toiie • Mttbaiiol • SO^  !£irO^(8tfi8tl) 
fh9 r«»tilt« for tho t«R soot iitol^l vyotmtm aro 
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§4 H O 
%4 JB fa V 
^ IK 
1 ta e £ K 
A ••fy I«rg« nua%«r of soparatlona h«T« beta 
d«v«lop«d on tittnliiiB (IV) tungotato p«p«r«« fh«ii« 
Depftfvtlons fti>« dooorlbeiS undor tuo faoadlOf CkJ 
B«p«r«tioa of one oati<»i fron ntu«roao aotal ionof 
C^J Soparetiono praotleally aeliioTod* 
BfiMJLS&ft> 
fho oeXootlvlty «ibo«n by tliooo papor* lo oo 
gr««% that in »any easoo (»i« aetal. ion o«n be separated 
froii ntaeroua metal ion«« HowereiPt only a few of t&e 
poaaible B^amtif»ia for i^oh txpoflneataX support 
haa been obtained are deaorlbed In table XI* 
f A B I. E XI 
fiKPARAtIO® Of cms CATIOM FROW MtrNRtCmS W^Ki* 1 ( ^ 3 
08 "ntmvm (i?) fimosfATi PAPBHS AS PHKBICTIB BY 




ajraten Xona iiliioh interfere Tise 
Au 
( i .00-0 ,9t ) 
froB 47 
oati ona 
Aeetoae • Aoetie 
aoid • n^bntenol 
• IK VTaOl (Xt l t l t i ) 
Sni mi(XY)» 
linClI), Ifb X hour 45 ninutea 
f"> 
T A B L E II 
(CMitinutd) 
K#t«l ion soXr«at 
vymtmi 
loaL9 iviiloh TiM 




aeld • iwlititanol 
• 411 HCl 
( t i l i i t i ) 









1190^  ( e t f i S t l ) 
Sf Asnooiua 
foimattt • 1^ 
SR^ OH ( H i ) 
% K g ( n ) , 
Pctf An* 1 lioiav 
Agi !IJ f Itf SO sirnitM 
Wbf OSf S«« 
K or Bl> or 
Co 
(©•?7-0,6«) 




eif im^oii ( i l l ) 







m m^m ( i t i ) 
A^ « Cttt Mf so Biniitoo 
Odf 2a« lfo» 
OOf S«t Ifb* 
Sb 
(0»69^ ,46 ) 
JTrOB 311 
oetiono 
Aootono • Aootie 
ftOi4 4> ii«biit«aoI 
4- IM IIAOI 
( i t It i l l ) 
Hi(XX)» Bi« i Hoar 
M» Alt Bo» 45 nittutoo 
OOf 2a» Ptf 
0 R | Stop 
^ ( I f ) » Kb» 
irOg. 
T A B L E II 
UtttkX Ion s o l v m t Ion* widoli 







Ptf Pdy 6a» Gd^  







ifSfCMH 3 3 
oatlons 
ii»b«taiiol • 
lEostaa • dO^C 
fflfO^ (3 i8 t3) 
a»biit«ao3. 
I&oxaii • 
80^ H80. ( 8 i 8 l 3 ) ^ 
H g d D t F4t tlOgt £ hoars 
S1>« A«t B0| Oaf 
Aa» Ft , OaCltT, 
filf Sll« 3il(ZY), 
HgClDt Biy Ottt 
Pdf t70o» Sby Aa» 
Oat Od? P t | Th» 
Xiii C«« C«(lT)t 
Hat 8iit Tt ^ * 
8 hoara 
fa 




8M RBr ( i t i ) 
tfot SOf Sb» Sbt 88 alaataa 
f i t Aft Aa. Ba* 
Ptt Fat yo ( l I I ) t 







m HBr ( i t ! ) 
fMt Sat ^ f ^ i 88 aiautaa 
But Bat <•# M«i 








katona • Aoatona 
• oQi mi 
<7l3 l l ) 
Agt ^ t Hft Bit 88 Binutaa 
Ottt Fdt trOet Bbt 
AatFa(izZ)f Fa* 
AUt Pty MOt '£tkf 
Odt tet Bat OaiZ?) 
Tht Zttt Snt 
3n(Z?)» Bb. 













S i | oe« Cdf Xf 
]^» Os« Oat ^^t 
f9f m% Z r t Mii« 
2af Al» Bvt Oat 
Bftf Bl^i Httt 
C«(Z?y« I n t Cftt 
Hbf ?* 3«t 0«t 
Alt ^ t Cftt Ort 
Wit a»t A«t S«t 
Hbf Srt Yt Zrt 
Vbt Bttt A^t ^ f 
0«f Bftt l4i» 0«t 
C t ( X f ) t Pr t W4, 
^ t H^» IJ"» Hf t 
Pbt f H . 
SO Biiitites 
4 heart 
I t w«8 filno found possible to aohloTO o>:pori« 
ntntalljr a aunlior of biaassrt toxnaxy «id t^atafaazy 
aaparatioao* fliaaa ara auanarisad in fabla XZX« 
f A B i« B i n 
Aomwm 08 tifAiitm (if) urnQmAtw PAPII^ 
nOlTtnt «s 
•3rftt«m ^•paratione aelil»Tiid fi»« 
Ae«tQii» • 
Aontie ftold -i^  
ii*»l»otanol • 
m mi 
( i t i i i t i ) 
n(III)<X,O&-O«03} « 9ii(0«7(M),66) 2 hn. 
Ii i(0,99-0.4a) • Al (0 .S4*0. i i } 
?l{IIZ)(i»00«0.99) •aa(0«69«0«63}«* »» 
B9(0,6S^,S«) * A l (0»38^ , i5 ) 
Fd(0.63«0,4d) * Hi(0»3(M>,i3) », 
IIOg(0«&IM).38) « !ldC0.1<M>«00) », 
f0(III}(O,7(M),64) • f « ( 0 . 3 3 ^ , i a } », 














« 0tt(0»58«0«85} • 25 nlnts* 












f A B i R I II 
(Oent;iiiis«<t) 
Bo2.ir«nt S«f>arfttion9 aehi«T«4 71S9 
O^mn UaXmie A«(0.90»0,f2) » Co(0,45->0*tl) • SO aints* 
3» SH^ OR 
Bi(0,00) 
Ag{0*94*0«76) • Cii(0.4d^«23} 
PbCO#00) 
A40»$m-0.TS) • C«(0.»IM>»87> 
Hg(II)(0,OIM>,00) 
«4(0,9T«0.T2) ^ M 0 . 1 ^ * 0 . 0 0 ) 





i w ^ t a n o l • 
H03. (7 i8 ) f«(ZXZ)(i,OO»O,90)«Co(O,7S»O«&O)« 4 t i n , Cr(0«lS*0«00) 
111(0.17«0«0f»} 





( i t a t i ) 
aa(0»9e*0«8i) • B « ( 0 * 3 6 « ^ « 1 6 ) • 30 »lat»« 
Al( 0 , 0 9 ^ . 0 0 ) 
r9(xii)(o«eo*o*70M«(o«3s^.i4). 
Al(0»0@-»0,00) 
W0g(0.77*0,7l) • Cf(0.09-0.00> 
2a(0.83-0.78) - 0r(0.09-0.00) 
uOg<o*73»o.«8) » irco,ei*o«09) 
F«(XIZ)(O.81^.O.7e}.^ri(O«3<M)«0e) 
!T0g(0.77*0,70) • ?h(0.08-0.00) 
r^ ^ 
T A B L 1 I I I 
(Qaatlini«d) 
•ystcn Separations toiiitvvd TiEl« 
M0«83«0»fS) « l lri(0.36^.81) 90 ninU* 
F«< I I I ) ( 0 , 7 9 - ^ . ? 0 ) - a ( 0 ,07-0.00) , , 
Ste(0,80<»0«Ve) m !I1(0,0IM)*00) 
iH m.stm 4-
ISi Hcl 








?4(0«S8«0«S5) • 80 adnts* 
fd (0 .5B^,38) • 
Pa(0,&5«0,35> -
Sb(0»iO^«00) 
Pofialo field tl0g(0.87«0,73} * tii(0.31--0,00) 
• Methanol • 




80^ HCl (71311) 
U0g(0,63«0«GS) « C]K0*07«0,00) 
2te<0«61-^,46) « m(0«17-0,07) 
Bl(0,64«0«37) • n ( 0 « 0 0 ) 
Co(0.36>0«83} « in(0 .04-0 ,00) 
l'«<0.77*0,47) • Ite(0^17«0.07) 
Pt(0.52M),48) • iri(0»08-0«00} 
Hg(II)(0«86^»6«)«»Ag(0»44-0»00) 















T A B L E III 
S o l v i t 3«pAS>«tiOII8 m9M.9W9& nm% 
Aoot«a« • 
Aeetlo ftOi4 
• 4M WSOm 
( I I It It t f 
n i U o ttfiid 




Pd(0,fO»0«40) • ^ ( 0 * ( H ^ , 0 0 ) 
ir0g(0,T7-0,4t) . i r« (0 ,5 l^ ,00 ) 






f(0»00) 8(}^,68)*0a(0«44-i0«lT) « 
R«(II)(O,0«-^,«9)«O«(O»40-Oa?) 
PMO.OO) 
P«(0«9(M)*f3) * 0o(0«44<^a7) * 
AgCO.OO) 
Ft(O*80«O«6O) « Ir(0«3(M)«00) 
f«(O«S0-O*OO) 
1 tur* 










Att(0,50»a,S0) » £8 Blntt . 
Ali(0«&®^,9e) - ft 
Ait(0*63*0*35) • t t 
f A B 1.1 i n 
s^ftratlona aol)i«T«d f lM 













(dts t l ) 
]i*biit«iiol ••• 
nco.oo) 
9a(U00«0,76} <» T (0*OIM),00) 
S^(0,43^,S4) • Or(0«CM-0,00} 
Zr(U00-0.S8) * Cc(0«09-0.00) 
Hf( X«00->0*6S) • La(O.OO) 









(U00*0,83) « V(0 
(0,84«0,00) 
tl0g(U00»0,6S) «PI»(0,4W),24) 
fa (0.T6-0.81) -f»{O.Of-.0.00) 
MXT}(0«99i»0,70)*FI»(0.S4*0.S3) 
Pt(0.77-0,47) • f«CO.O<M),00) 
BlCO.87-0.76) • Pb(0,34-^.gl) 














T A B L 1 n i 
( Ooiitillit«lt) 
9«pftmU(m8 aelit«v«4 fltt« 
iill»t«t« • fX(0*00) 
SO^ lf«tliyX«Bdliie 
lqr<l]fOOiaoil4« G«(O.77*O«09)*Al(O«9(M>«lf) • 
4> SBr (9t2 i4) n ( 0 , 0 0 } 
Bl(0«75^»70)*V0j2(0,5a^,44) 
Si(0.S5«*0«19) « n(O.OO) 
2a(0.79«<»«(l5) * ir i (0 .36«0a9) 
1 tut* 
Aeetoa« •«> 
50lS ROl (61911) 
0ia(0«74*0,53} • 0o(0«4e^«93} • 
9l(0,OfM>«00) 
7«(XXI)(0,64i»0»41)*t(0«10«0*00) 
f •( ZZX ) ( 0,5a-0«43)*ai*( 0.06»0,00) 
P«(XXXH0«88«0.eiMr(0.06»0.90) 
ai(0,6««i0,49) • Si(0,OfM>*00) 
0O2(O,58-O.43}« 7 (O.IS^.OO) 
n(O.61*O,30) - Ir(O.OS-O.OO) 
2a(0.62ii*0«47) • Cr(0*06-»0.00) 
26 »iat«* 
T A B I. K i n 
(OontimitA) 
•^•••••••••••••••••••••••••••••••••••••••^^ 
mojom • ft(0*00) 90 Btats* 
80^ MO-( 8 t l t l ) ^ Sa(I?KU00^,89Mt<0,Sf«0.00) tt 
? (0«47<»0,31) • 0iK0a4«»0«00} M 
Bi(0,80^*67) • Pb(0«i3»0«04) »» 
8«(0«4i*0,30) * AI(0«I6«0.00} «, 
F«|i«r oiiftMMtogmii^ of tlio«« oatioac ttiat r«Miia 
at the point of appUoatlon on titcnitm (17) t«nigot«to 
l»«]^ oz« mo alffo porfomod on plain fhatnan Ho* 1 papom 
to study i^etlior tliojr ar« praoipitatafl at the point of 
4[^pXioation» adeov^eA after the fozHatim of poaitiTely 
oharged apeoiee» or retained at the point of applioation 
as a reeuXt of a low partition coeffleient of the eoXnte 
in the eoiTent ejreteii* 7he reauita of thie ooHparative 
etady are given in tahXe IT* 
o n 
^''l 
f A B £ B IT 
QomAMnrt (%, - «-) VAtnis o? smm nmja» tmn 




Ao«tie aoid • 
411 ECl 
( i i i i l i t ) 
IK iiBiMBltni 














































































f A B 3* E I f 
uoXvtnt sytfcB 
O.gQM Maloalo 
aoid l a 
k«tCBI« •*• 
8O9S mi 
( 6 t S t i ) 
• A0«tOll« • 
SOfI HOI 







































































































W>i i i o l ( i i i t l ) 
2M HB?(XiX) 






























































D z s c t j s s z o i r 
Tltanltae tonfttftttt has h^m fooad to oxhiblt 
ioii-«3roh«iig« (7}« Z t i « ol^ur fron the r««iiltt r«O0iii» 
4«4 ift tabl«0 If II Ana tit tluit piiptm iiipvt#uit«d 
«ltb UtaniuB (XV) timgatate aehi«¥« ttmt^ wlmUf 
and apaailio ai^aratifma* Tbaaa papara av« aaally 
praparad in oald aelytlona «id tliay ara fatlsar opaqaa 
ao tliat (Hia ean aaaily aaa wtiathai* iiapranaatitm baa 
oaeurad aatS alao vhathav %ba Ion axohangar tiaa dla* 
aoXvad in tha davaXopitii aolvant* soaa oo^ pXax aapa* 
ratlenta ara aohiairad aaaily and vapidljf. A taw of tbaa 
ara diaouaaad bora* 
fhaaa papara ara ao aelaetiTa tliat In msay oaaaa 
oaa oaticm ean ba etMXf a^aratad trtm ntuiafoiia aatal 
ioaa (Tabla XZ}» In ttaia oaaa onl^ tboaa aapazmtlena 
wara Tariflad idiara Mi valaaa of tha iona ara oloaa 
and aaparation otft not ba pradlotad fron Hf valaaa 
alona* 
(1} iiTOaiiM y^f^  H ^lM„.tXM wmfiw^p, it^ ftUkfflMi' 


















































(•t« fig* 1) ineXttdinf Otit Hs<12)» ZAf Bi» Utof Aut 
Q«i 2n and f«(ZII)« fli«»« ar« tli« oaUons tliat 
i]it«rf9r« no«« in tti« d«t«iwiaAtlon of ttolliuBt n^ 
ImtanoX • KOI in th0 ratio of 7i3 ia uaod aa eolTtnt* 
?X ia praoii^itatad at tita point of appUeati^ aa 
inaolnbXa TIOI0 ainea i t aiao deaa not aora on plain 
Whatiian 8o»l pi^arf otliar oa^ona nova fovwavd aa thair 
nagativaiy ohargad ohlorida ooi^ Xaxaa* Ite foma a 
waiOc poaitivaXy ohafirad oosipXax SlatCX^ '^  (8) «idt tliara* 
forOf ttOToa iratar littXa aa ooaparad to other oationa* 
? and Hg baiuiva aisiXarXjr* In ordar to have axpariaantaX 
oupport tba aaparation of fX ivaa triad and aoMaTod 
praotioaXXy fz^* Mnazy aixtitraa of lln» Xgt Tt and TX« 
It ia avidant fres fig« 2 that TX(ZIX) etm ba 
aaaiXy aaparatad from 6i oationa uaing aoatona • 
aoatie aeid • n^butanoX • 4M ItCX ( l iXt i i i ) ao aoXTont* 
Zt ia e3tpari»«itaXXjr iraxlfiod that 7X(1ZI) oan ba 
aaparatad froB Hgf Bi« t}Og» abp and fa(ZXI)« fhaaa 
awm tha oationa with Rf YaXitaa vry oloaa to ?X(IIZ}« 


























































































































( i l l ) MolybdisiuB i« «aiilly tviiftTtttcA in 20 Bliiut«» 
trtm 45 efttion» (o** Itg* S) inoluding F«(2II)t V* Crt 
and ^ wtdoh inttrf»r9 in th« dettffainatioA of ftoly* 
ba«miB* th« alfeuli Bttale t^ Hb» «ad Cs are S0p»Tiit«d 
fvos 44 oati(»i» (••• lig« 3) wli^ SX AsaaonitiBi fomat* 
• 21 AmBonittii iiardroxida in tha iratio of t t l i e uaad aa 
aolviiit* In thia vaxy aelvant iri oan alae l»a aaparatad 
froB 39 oatlona* 
(iir) Tha aaparation of tha platimui nataXa aeoording 
to Bttratall (9) takas VtO hre* Howavart binaz^ r an4 
tamary aaparatitma of platinua aataXa liava baan d9r9» 
lopad wMeh naad only S& nintitae* Many otbar important 
aaparatione ara parfomad q^okly imd aith aaaa on 
thaaa papava* fhna Al « Ba » Ga ara aaparatad in 30 
minutaa tfhan ati^l satiiyX Icatcma • aoatona <f 50^ RCX 
( i i 6 i i ) ia uaa4 aa daveiopar* 7hia ia tha faataat 
aapaxvtion of tliaaa thraa oationa yat raportad* 
I t ia oiaar fro» tabia IV that aoaa oationa whioh 
mrm ratainad at tha point of appUoation on tha titanio 
tun^gatata papara stova faat lihen ohronatographad on 
plain whatnan Io« 1 papara in the aafta aolT^at* In this 
oae« probably natal iona forsa oaticmio oonplaxaa whioh 
are otrenfsly adaorbad on the ion-axohani;a pap«r» Thoaa 












































































ai«tiil. lon« whioh hmf eero ns Talute <m both %h9 papers 
w«r« •xaiiined and i t was found that the followliiif satal 
ioaa art ppaoipitatad in the aolrant ay8t€iBa a«»ti(mad 
against th«ai* 
fX in ^Aeatotia 4> aoatlo aoid 4- iwlitttanol • 
411 HCl ( i t l l l l l )J ' ' | ?«(ni) «ld Bi in ^ m AlBBO. 
nitm foxnata in 4M WH^ OIlJ^ t 3^P» t t Bi, Pb, Al» 
In and WR in £*0.g51 MelOBio aoid in 33i SH^OHJ^I 
Tl and Th in ^AottyX aoatona • aoatona • 80^ 
1101 (eisiDj^i Co in £b«iB f3fA • iM m^Qi • 
IM SH^OH (8tiil)J^I Ba in ^n-butaaol • dioxan • 
IKK HHOg (SiliDj'^f n in ^Sthyl aathyl katona 
• aeatcmo • 501^  WiX (8t3il)J^| Tl in f^n*^^ '^^ '^^  
• IICI (7iS)J^. 
Other natal ions whioh art not praoipitattd in 
the reapeetive aolvent ayateiia and hare sex^ Rf •aluea 
on both the papera are retained at the point of i^pli* 
eaticm eiing to very low partition of the netal i^is 
in the aolvent ayatan* 
LlTSnAfOHS ClfSa 
U 0«B« Amphittty **Inorganio Ion ExehungeTn*$ 
m.t«iri«ir FabUshlng Co«f HAW Yofic* (1964). 
2. G. at>«rti, Chgoaeteg> i is«» j^ t S46 (1966)* 
3» M. qareshiy 7^Xnt«niati<m«l Byisposiutt on 
CbroBfttograpi^ and El«otroi>hor»0iii. !{••• 
?r««9es AeaA* mirop«» Bmisselst 197 (1969}« 
4 . M. Qur«8hi imd S.2, Quf««M» J« Ghrow^toig.. 
^ 196 (1966), 
5ft M* Qttr«8tiiy I* iUctitart and f:«H« Mathttrt Anal. 
Ch«s.> ^ , (14)t 1766 (1967). 
6ft Mft (^rtsbit KftHft Kfttlmrt end A^ Hft l8r«iU» 
falMita, ^ 503 (1969). 
7ft Mft Qar«8hi and J . ? . Ouptat J. Gha». SoOft(A). (Ig^ft 1750 (1969). 
8« iCftB. YatelalFaictt and T*?. Vaailav, "Xnatablllty 
ooaatanta of oomplex ooc)|»oitnd8*' Coaaultant 
BureaUff Hew Torlc» p* 134 (1960)* 
9ft Fftllft Burstallf Oft Eft Sa-vieay RftP* Unattadi and 
Tift Aft Walla, J. Chaa. aoQftft ?art I . 616 (1960) ft 
F '7 
C a A P T B R III 
tlTHTIISSlS AND lOS-UXCHA^ KSB ?ROPRRfIBS OF THOlHtm 
fhe Ottrr«ti% lat«r««t in this Xftboratoty has 
been in th« preparation of new inorgenio ion exohangera 
liitli unnwual properties* BeoentXy eoiie atudiee froe 
thie iab« were pttbliahedl on etannio laolybdiate ( i ) end 
titaniua nolybdatee {2)» A aeereb of literature ebowed 
that no ion-eatobange atadiea bare been publiebed on 
tboriuB molybdate* fhe earlier l iterature on tbie 
subetanoe has be«t revie«red by Tran^r (3) who also 
syntbeeised i t by l^eion and perfofmed i t s »»ray studies 
only* I t was therefore deoided to eynthesiae thoriua 
»oXybdate and to study i t s i(m-exohaAi?e properties* 
fbis obaptsr deals with the synthesis and ion-exehange 
properties of thoriuia aolybdats8» and separation of a 
few setal ions on i t s eoluans* 
H«iig«iit«i fhoriUB nitr«te «••<! WAS B.B.H* (Lab* 
r«ag«nt}* 3o4iua Holybdate and a l l other rcagaats 
w«r« froB B*D«H« (Analar grada)* 
Aaoagatttai A Sargant OaeillasBttar nodal V» a 
PMIipa oofidaoto»atar aodal ?H 9d00f en Klioo sodal 
L I* 10 pa*Biatarf a Stanton thareobalanoa typa H 4^  a 
Bauaoh and Loalb epaotronio-SO ooXoilBetar and a Phlllpa 
Xof^ unit wara wiployed to parfom high fratitiMaejy 
conditotf»atilo» p!l»natrio« thavaograirlBetriOt apeotro-> 
photoaatvlo and nmrsy atadiea raapaetivaly* A *Bieo* 
t(Mparattira e<mtz«llad ahakar waa uaad for ahakinc* 
f^ynfl^ tfflft ftl U9nm ^9l]tH%if* In o^«^ t<» obtain 
o f^ ood Ion aaretonga aatarlal a larga nuabar of thorlnn 
iioXybdata aaaplaa wara praparad b|r aixlng a^aoua 
solutiona of thoiriue nitrata and aodiim soXybdate 
(oolttim 1) of vaxyin^ oonoimtrationa (in BOlarlty}» in 
diffar«!it voiuaia ratioa (ooluam E) at divaraa pH valuaa 
(ooXtxan 3) aa givan in tabXe ?• The ptt of tha raaotion 
/I 
idxtur* was a<IJtt»t«d hy the addition of either WIO^ 
or HaOH soliitiona* the preoipitatee foraed were 
digeeted at rooa tettperature for 24 liotira, The auper* 
aatfint liquid wao tli«i deoanted and the preoipitatee 
were waahed eeweral tiiaee f irst with the eol^tim of 
the ease pH at whioh thi^ were prepared and finally 
with d^siaeralieed water t i l l the pH of the f i l trate 
waa neutral* fh«y were filtered end dried at 40^ C« 
the product eo obtained wh«i iisiaereed in water broke* 
down to eaall partiolea* fhoy wore kept in IM HHO^  
for 64 houre to oonvert them to H* foxm* They were 
finally washed with demiaeralieed water and dried at 
40^0* ?or diatvibution ooeffloient and separation 
atudies the i<m exohanger was ftrouad in a porcelain 
nortar and sieved to obtain iOO»SOO aesh s i se partioles* 
f A B I I? ? 
COffDITIOHS OF PRHPAHATIOW, lOW-KXCHAlOK CA"PACI?f 
Am QOtm-B OF P IPT^R^f SAi!P£FS OF THORItm rnVTBDAm 
Sampli 
Ho* 
i S 3 4 6 
"5 m TsTiM ph yq^Afler^'^^fn n* 
drying fore 
! • 0*086 0*060 i f l 6 . 4 0 . 8 ? W Oy 


































































l l 2 
l t 3 
311 
411 
























































A vhi to turbidity was 
ob««rT«d vhioh did not 
e o t t l o for a long t i a o end 
pasaod through f i l t a r papar 
on f i l t r a t i o n . 
W m fhoriun nitratOf S?l » Sodiun ssolybdetet 
IC • Ion-exoh«n^a capacity <@.eq./g)i w « WMte* 
0 m (Iraent Y « Yallowf ? • Pur#« g • Olaaayt 
B • Blu«f t m Liffhtf t m tln^e. 
r- 3 
H B S U L T S 
t)ailnf th« propa^ition of diff«r«at simple* of 
thoriua aolyMate i t was obsoinrod ttiat •asiplM it S» 
4y f find 12 W9T9 stablo in watori wMle swepl«« 3» 5 
and i3 were nore easily b^aroljraod* Sasiplee $9 9» iO 
and i£ disaoived subetantiallj in water during waehing* 
3ai!rplea Sf 8« i i and i4 were appreciably diaeolved 
during ooavereion to H^  form* 
Out of theee eaeiplea fflily aamplea 1» 4 and 7 
were ohoaen for further atudiea on the baeie of their 
high eapaeity and atahiXity in ooepariaon to other 
aaisipXea* 
U Im-pmtmUkm %m^W* »*»# oation-exchange 
eapaoity of each eaifpXe waa detenained by the 
atandard nethod (4) ueing a glaaa oolunn (i*d«» 
0*8 one)* fhe flow rate waa 7*9 drf^ i^i por aiinute* 
the reattlte are recorded in table V (ooluim 4)« 
Zon-e3Eohani:e oepaoitioa of aaisplea i« 4 and 7 were 
aloo detemined with various oationa end are ^r«n. 
in table VI* 
T A i L 1 n 
iQw-mcnman cj^ACift OF THommi Moi^ ifBBAfRS 
FOR scmi (JAfioirs 
Ion SaispXe 1 3«^1« 4 Saisple 7 
Had) 0.57 0.64 0.»7 
Kil) 0.60 0.47 0.69 
Bad!} 0.61 0.59 0.64 
S* 9liyil?ilr ^ t i^^ l l^ ' 0.5 m of the n»»plas 1, 
4 enA 7 vara Kept in 50 al of diffarant solutions 
at rooa tMsparatura iKlth the following raaultat 
(a) Mffff^ lrTy^  Iff K IWi*» 3M Sulphuric aoid, 
m aodiuB hjT^roxidat 4K hjr^roohlorie aoldf 
and 9*^  oxallo aoid aolutlona. 
(fe) Hff*ft<Mnfff In i§ Itri*» l?thanolt aathanol, 
aoatcma and athar. The datailad atadjr of the 
ehanioal atabil l t^ of the ion •xotummrv waa 
aada as follovai 
the estohan^era In H* fowi wf flrat washed with 
r • "^ 
watttp to rtmtyfm any thoilua or aolybdate rmmining 
adttorbod on the bends. ^K) mg» of tho i(m oxohanroira 
were refluxei «dth SO »1 of dlffercoit eolutione in a 
flaek with «n air oond«fieer for one hour in eaeh ease* 
After ooolin^ the eolutione were filtered and in the 
filtrate thorium and Kolybdienutt were detefnined 
speotrof»hot«ietrieally (5t6)» fhe reeulte are glv^i 
in table VX2* 
T A B Ii "^! m 





















































*^ CoapoaiUoiti 300 loilXigniisa of th« ion 
0]EOlifing«r w«ro dissoXvod in 80 »X of oonowitrfttsd 
tiydroohlofle aoid* fhls solution wes <!iltit«d with 
water* Moly^danim wite proolpitattd with °<C«>beneoin 
oidao &iii weighed as lead nolybdate (7 ) . In the 
f i l t ra te tboriuis vae detezmined graviRetrieally aa 
tiioriun oxalate (8)« the nolar ratios of Tiitllo 
were found to be ItS for sMiplee 1 and 7» imd i l l 
for sawple 4* 
Higb frequency titrations were performed by 
taking 6 al of 0«0a5ll thoriun nitrate solution in 
the ce l l end t i trating against 0*0511 sodiuta coly-
bdate ( f i g . 4 ) . The reverse t itration weo carried 
out by taking S wl of 0«05M sodiua oolybdat© in the 
oe l l and addini; to this a 0«OS&M solution of thoriuB 
nitrate (fig* 6}* Conduotoaetric titrations were 
l»erfomed following the 8«Be procedure as in hiirh 
fre({ttenoy titrations* The results are shown in 
fiffures 6 and 7* 
4* pH-titratJ^<m ourret the pH»titratl(Mi of saisple 
7 was perfomed by the laethod of Topp and Pepper(9)* 
The results are shown in f i ^ r e 6* 
J . . -
5 6 7 8 9 10 11 12 
Volume of Sodium Molybdate (ml.) 
FIG.4 HIGH FREQUENCY TITRATION OF 
THORIUM NITRATE 
AGAINST SODIUM MOLYBDATE 
3 4 5 6 7 8 9 10 
Volume of Thorium Nitrate (ml.) 
11 12 13 
FIG. 5 HIGH FREQUENCY TITRATION OF 
SODIUM MOLYBDATE AGAINST 
THORIUM NITRATE 
r •••7 
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FIG. 6 CONDUCTOMETRIC TITRATION OF 















J I I u -I L 
0 1 2 3 4 5 6 7 8 9 10 11 12 
Volume of Thorium Nitrate (ml.) 
F(G.7 CONDUCTOMETRIC TITRATION OF 
SODIUM MOLYBDATE 
AGAINST THORIUM NITRATE 
r ) 
5. m%^m HrrV '^^^ •lutlon <mrre of th« Ion 
•xohenger in H* for© for 1#0M soaitan nltirete i» 
ohown in tigaf 9« 
6. mff|ffB9fflrflflftf1iy» '?«*« th«mo^rairiffi«trtc otudy 
of aasple 7 in H* for® as well aa in K* fona was 
parfonnad at a heatiai? rata of 4** par minuta* The 
raaulta ara Mvan in l i ^ r a 10. To aaa tha affeot 
of haat on tha colour of tha exohangar «ad i ta i on-
axohange oapaoltyt one gnua portions of tha axehanger 
ware heated aeparataly at 100^0, 200**C, 400*0, 600*^ 0 
and SOO^ C in a amffle ftemaoa for one hoar. Tha 
ioa-axohanga oapaoitiee of a l l tha aaeplaa after 
heating ware datarBdnad aa usual ( 4 ) . The raaulta 
ara raoorded in table VXIl* 
f A B L K Vin 
EFFECT OP HEAT OH THORIWI MOiarBPATB 
Traiperatura 
in ®C 







fa l low 
Xdicht yellow 
Whitish yellow 
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FIG.10 THERMOGRAMS FOR THORIUM MOLYBDATE 
(a) ION EXCHANGER IN H+FORM 
(b) ION EXCHANGER IN K+FORM 
^ ^ 
I > 
7. p-m fmt^V All tbt thrw mmvUB (U 4 
and 7) w«r« dried at 40*C nad vtudled by xToy 
diffTAOtlon (Pow<i«r method}• Ho l ine wao obeerred 
In the »>ray photogr»ph»« X-ray photographo for 
the sanple 7 heated at different tenperaturee were 
aleo t8k«a» The reeulte are girmi in table VIII* 
3* m t m ^ t t f f l Cfftmffllmlft' '^^^ u t i l i t y of 
thie ion exofo^n^er for ^nalytieel separatione was 
exasined by determining the ltd Taluee on easplee 1» 
4 and 7 in aqueoue sediua for metal ione a» usual 
{2$ 10)* fhe ehalcing wae done inside a temperature 
oontrolled shaker at 30 * i^ C for six hours. The 
results are suiMsariEed in table IX* 
T A B I. B IX 
MSfMlBnTIOII GOWnOimfB OV 30KK nW^AL I 0 I 3 Oi 
SiORItfl? I!0lf BDATKS 
Metal Conpouad ^^ J^^^ 


























i ^ ( n ) 
Co(II) 
Fo(III) 
S J K I I ) 
ae(ZIX) 
Cd(Zl) 
















































































T.A. m Total adsoiption. 
c~> 
9« S«>arittloii Of gow tganiiition •• ta l»t fh« 
following aoparatiORA hsTo to««a aohiovet} on a 
ooluBm (i«d« 3*9 m} eontaining one ip«ii of th« 
ion oxehiin^^ar as ufmal (&)• Tho rata of flew «a« 
kept at 7*9 drops p«r minxito* The elutlmi ourvea 
for the aeparationa are reoorded in figures ii» 1S» 
and 13* 
(a) f^fgiyfttl<m 9t QfCll) fpm MUlU 
A aixture containing 110*5AAg of Go(II} 
and 69*8yug of Fe(III} was applied on the 
ooluan* Cobalt waa elnted with water and 
iron waa stripped with SM Mli^ Cl 4- O.IM HCl 
soluticm. 
w §ffPiffit^ 0^n n mdi) tvm Mm)* 
123«5^g Of Zn(II) waa separated froa 
69*8 >ug of Fe(IXI) by eluting eino with water* 
Iron was elated as in the previous oaee. 
119 ^ g of Qu(ZI) was separated frcm 
69*6/ug of Fe(III) by elutin^ oopper with 
water and Iron with SM r^a^ Ol • O.IM HCl, 
e ri 
H^O ?MNH4CI*0.I MHCI 
10 20 30 40 50 60 70 80 90 100 110 120 130 KO 
Volume of effluent (ml.) 
FIG. 11 SEPARATION OF Co(II) FROM Fe(I I I ) 
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Volume of effluent (ml.) 
FIG. 12 SEPARATION OF Zn( l l ) FROM Fe (111 ) 
ON THORIUM MOLYBDATE COLUMN 
2MNH^Cl*0.1 MHCl 
10 20 30 AO 50 60 70 80 90 100 110 120 130 140 
Volume of effluent (ml) 
FIG.13 SEPARATION OF Cu (II) FROM Fe(III) 
ON THORIUM MOLYBDATE COLUMN 
n 
B i s c i r s s i o i i 
I t i9 el^mr fro* table V» that thoritm ROlybdate 
la foxmed ••«! i f nolybdtit* i t in exotsst wMla <mly a 
ooXloidal BOlution ia obtained whmi thoriun ia taken 
in exeeaa* In the latter oaae precipitation ia not 
obaerved* fMa behairlottr of thoriui» nolybdate ia 
different frcm that of giroonitts phoaphate (li)tatannio 
phoaphate (IS) ana atannie eolybdate ( ! )• fbia ia 
beeauae thorium haa a differwit eheniatzy fron that of 
eirooniua tfid tin* Itanthanan nhoae ohenlatxy ia ainilar 
to that of thoriuii ahowa in thia reapeot alao a aiisiXar 
behaTiour* 
the ion-exohan^e oapaeity data (table f) ahow 
that ( i ) eation-exohange oapaoity deoreaaea frost aample 
to aa&ple with o<Mipai^ tiTe inereaee in the irolime of 
ROlybdenua eolation in the reaotion mixture* But with 
an inereaee in the thoriUB oont«it in the reaetion 
mixture the oiqpaoity beooaee negligible* ( i i ) The ion-
exohsaij^ e oi^aeity fall a ahortly when the pH of the 
reaotiofi eixture inoreaaee ttmi 0*6 to 3* An inereaee 
in the ORpaclty l a observed on ftirtber Inoreaat in p!! 
from 5 to 5*4« I t resnina eonstant In th» pll mnfre 
S.4 to 7.0 «n<l ftfain f e l l s when the pH lnor««tfle» to 
higher values as «dven in table 7* ( i l l ) If the pH l a 
kept constant and the oono«%trations of thorium n i t r a t e 
and aodiua aolybdata 80luti<%ia are inoreaaed, a deoreiaae 
in the ion-eiohange oapaolty l a observed* All theae 
varlatlona in oation-exohanp.e oapaoity ma^ r be due to the 
fotraetlon of different apeclea of thoriue »ol?bdate(13tl4} 
whloh affeota th© a t a t e of order and attaohiaent of repla* 
oeable t^drogen lone* 
The aolubi l i ty data ahow that aaaplea If 4 and 
7 are c<MBpRratlvely more a table thwi the reat of the 
aeiaples prepared* fhei r aolubi l i ty in different solu-
t ions have b@en etudiec* {|iiantliatlvely (eee table V7I), 
thorium QOlybdate aeesjfs to be more a table than a tannic 
latolybdate (1) and tltnnlusi molybdate (2)» A ooraperlson 
of the aolublUty in 50 nl/SOC «f. of the eirohangere la 
gives) In table X* 
f A B L 1? X 
r»OLtmitlfI'^i 0? fflOHITlMt S?A*WtC AS!) TITAfntJM 
Solvent 
thoriuB tltannlo Tltaniua 
^Umtln^i ^^^Y'Sk^i fi^P^tfe 
Water 0,00 0.38 3.50 3.31 0.8 2.0 
m mO^ 5S.7 47.50 « - 100 186 
Sinoo only one infXaotioii point i s oba«i^«d in 
the p!i»titration curve (figure 8} i t eppenre that the 
exohonger behnTee B» a m(mo»ftinctioniil eoid. Thie 
curve ehowe that when onljr ^eCl i s taken i t reXeaees 
the ii^drogmi ions and henoe a sharp decrease of pU 
ocmtra* On gradual increaao in the volume of IfaOH 
there i s a corresponding increase in the pH of the 
soluticm* I t i s perhaps due to the fact ttMt the 
partial exchange of K*^ with Ma'*' slgiws doen the rate of 
exchange and the releaee of H'*' i<me« ^o appreciable 
change in the pH i s recorded after l l«5 . 
The oh«Rioal oonpO0iti<m of thoriuai nolybdate 
(saisples i and 7} was fmmd to be Thilfo » it2« fhe 
high fre<^eRoy and c<mduotoaetrio t itrations also 
confirm this ooi^oaition* The oh^dcal conposition of 
saisple 4 was found to be ThtMo • i l l . HoweTer» this 
could not be oonfirsed by hi i0 frequency and eonducto* 
metric titrations* fhoritua laolybdate sal t has be«i 
prepared by fronov (3) by fusing the oxides of thoriuai 
and molybdenum in stoiohionetrie proportion and has 
been studied by x»ray« lie hae sur^ested the etructure 
of thorium nolybdate sa l t as c< , and /3 - Th(lloO^)g 
which belongs to rhonbio ayetee* The existence of 
white HgJ*o04 and yellow HgMoO^  HgO has been reportedCiS), 
r^ O 
a • * 
The ooXour of the icm exohen^er thoilun aolybdftte in 
n* form i e yellow while in K*^  fom i t i s yellowieh 
white* On the baeie of the above observatione the 
etmeture of the tosk exohanger (eastple I and 7) nay 
he tentatively poatttlated to he ae followet 






* m^j 3HgO 
Pyrolysia ourrea ( f igure iO) for thoriua 
nolybdate i n hydrogen f o m aa wel l ae in potaeeiua 
form ahow two hreaka* Out of these two b r e ^ s the 
f i ra t one at iOO C^ aeeme to be due to the reeoval of 
external imter KOleoulea* fhe external water noleoulee 
hawe be«i ealoulated idth the help of pero«at l o s e of 
weiifht of the ion exehanger upto iOO**C by the aethod 
of Albert! ( i6)» The eeoond breiric i a due to internal 
condensation whioh i a the usual behaviour of eynthetie 
inorpoi ie 1<HI exohengers* fhe weight loes of the icm 
exehfoiger in H'^  fons i e greater than in the K* fore* 
The diffenmoe in loss of w«dght ia responsible for 
the oation-exohange oapaoity of the Material* 
Th9 3r«Hfijr analysia shows tluit %h« ion txeiiangtr 
dried at 40**C ia (BOBori^ hoas in nature* I t i s elssr froe 
table VIIX that as tho ten^sratttrs iaorsasss the ssiaple 
beecmes erystaUine* i t s ion-exohnsffe oapaeity deoreoses 
end i t s colour changes from yellow to white* fheee 
ohanges oan be easily interpreted in terras of the etrao* 
tare ^ymt above* Thus as the t<^pemture i s inereaeed 
the exoheager i s detigrdrated and finally gives a nixture 
of thoriun and nolybdvaim oidLdes* the seise behaviour 
has been obserred for other aaorphous ion-exohange 
nateriels studied earlier (ifS and iS)* 
The adsorption studies of oations en thorium 
BOlybdates (saaples i»4 and 7) show very interesting 
rssults* There i s no adsorption of Co(II)» M l D t 
!fn(lZ} and Y(III) ete* on sai^le 7 while their appre» 
oiable adsorption i s observed en samples 1 and 4* Total 
adsorption i s observed on all the three sasples for 
2r<I?). Pb(II) and ?e(III)* But M i l l ) , T ( n i ) , 
aa(III) and Oe(III} are also totally adsorbed on saisples 
i and 4* It i s olear that seleotivity of the aaterial 
for aetal i(ms o«n be «ahanoed by preparing the sane 
oonpound imder different oonditione* It i s evident 
frop the K& values given in table IX that laany important 
r-' /. 
otparations mttjt be ftoiaieir«a on thosiun noljrbdatt eoluana* 
fha fCd Tftluea for aXkaUae earths Ba(2I}» Brill) and 
Oa(II) on ofti^le 7 aro in the saae order as oa. etannio 
nolybdate (1) end titenittB nolybdata (S)« This beha* 
vlour oan be eiq;)liilaed on the baeie of their hydrated 
radii (17)9 which inereaoe froM Ba(II) to Ca(IX)* The 
ions with larger hydrated radii oen not easily snter 
in the oavlty of ion exehanger (IB) resulting in lower 
%A value for Ca(IX) wh«!i oonpared with Br(II) and Be(II)« 
The above explanation also aooouats for the ltd values 
of 2a{II)i Cd(II) snd Hf(XI) (on saaples 1 and 7) since 
their hydreted radii (17) aret zn(ll)(d*8)t Cd(II)(d«4) 
and H^(II)(€.3)« The Kd values of Xn(III)» aa(X2X) and 
Al(XXX) oan also be interpreted on the basis of their 
hydrated radii* 2n(XI) oan be easily separatsd froa 
eight cations which are strtmgly adsorbed on saaple 1 
(see table IX)• Ba(2I) etm be separated on this sai^le 
from I«(XI2)« 
fhe analytical inportanes of this ion-exchange 
aatsrial has been d«Bonstratsd by aehieving a few 
quantitative separations* Cobalt» sine and copper 
have been eluted <|ttantitatively with water as they are 
not adsorbed on the i<m exehani^er (saaple 7)* Xron(XXX) 
vidoh i s strongly absorbed on tliorlii«i aoljrbdAts Is 
•aolXy sliitsd by SK HR^CX • O.IM RCl probsbly oidBg 
to ths foittatioa of ths heamohlorooo&plex (19)* 
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C H A P f K H IV 
ABSORPflO! 0? METAL 10113 mm FORMIC ACID SOXCTTIOIfS 
OB SfBOHO ACIB CASKW-KICTIASSl? IIESIi. QtJAHtlTAfltK 
3l3>ARAfI(m OP 2r - Bit Zr • 0« AND Bl « Ott 
FofMle ft0id i s kAOiin to foxv ooapIvxieB vdtli 
Rffiiy netal Ions (1»4)* iloia« of thefl« eonplexos have 
be«fi tt»«d to fnelXitate oepAimtioiio \fy Korkisoh and 
Vrabajr (4) on anion^oxobmii^ e ooltssniB* !rti«y have 
oop&ratod uraniua trtm ooppor end lead ufllnir foxtiio 
aoid*BethanoX (li9)« Tli«^  hava also oaparatad uranlus 
tvom iradollttitan uaing lt9 fomio aold^iaoimtanol* fh# 
anion-aacohanga baheviour of aima oationa in H01«>fOTBle 
aold aadia liao h^on invaatlgatad (6)» Uowairart only a 
faw atudiaa cm tha adaoi^tlon of satal fonwta oospl axaa 
on oatioiwaxoiianga raaina tiaTa ba«i raportad {2^€ and ?)• 
Tha praaant ehaptar daaexibaa tha raaulta obtalnad when 
adaorptlon atudiaa were perfomad of IS metal icma in 
(0«0i - UOU) toredo aold* In addition twantjr satal 
iona ware atudiad in (3*0 « S3«0M) fomie aoid and in 
ao»a fonde aoid • aqueoaa diosran ayatana* Aa a raault 
aoMa intaraating peaaibilitiea for eeparationa appeared, 
airooniuai eaa quantitatiTely eeperated trom thoriua and 
from galliua* BloButh «aa oeparated fros copper quanti-
tatively* 
r-» 1 
ayi^ gentai (1) lon-^xoiuiiig© rMint l)ow«x 60if»X8 
(lOO-SOO a««ii} in tli« Ha'*' f on was ooaT«rt«d into R*^  
foRs by first imabing with 3M hydroohlorio aeid tli«a 
with imt«r andi finally d]*jring in air* 
( i i ) Stttfiaard natal ion aolutionat 0.06IS solutions 
wars pr^arad in daninaraliaad water fron the ohloridaa 
or nitrataa or salphataa of the vatalat (E« Maroky 
Baxmstadt or Analar (B«1>«H»}« tii«ti naoaaaaryt tha 
aini«im anoont of bydroohlorio or nitrio or «ilpfaario 
aeid iraa addad to pravant tiydrolyaia* ^'g^g* ^^g^s 
and SBgOj (Atomio Bnargyt frcmhtif) wars first f^ aad 
with aodiun oax^onats than diaaolvad in Biaimm a»eimt 
of hydroehlorio aoid and dilutad with daeinaraliaad 
water* 
( i i i ) Fonaic aoid (I* rierQk« Oamatadt}* Bioxan* and 
IDfA (diaodittn salt}(Malar B*0«H«) wars usad, 
Apparatnat Tor tha alaotrophoratie atudias wn 
inatniaont mada \>f Baattm Laborator]r Inatnisflsita 
(India) wea tiaad* Whatman Ho»l» strips wars siBplojraa« 
A *aioo* (Xnaift) t«K|i«7ii«uf« oontroXlfid fthakor was 
it0«a for slmldliig* For oapnztitiona tli« eonventlonal 
IS !»•»* (i*d*} glA»« oolussio w«r« u««4* 
M f M a t l l f f l 9t %kt I t W mft» All the M t a 
ioaa wart datasslaad titfiisatxloallr ivith ataadard 
0«00gM Wfk aa tha titmiiit ualng suitabla indieatora* 
batoh aqtilUbritiii nathod waa uaad to datanslaa tlta 
ooafnolanta acooirdlng to the ralationahip 
> g Of aianant par KI of aoiutKm 
%ch oquillbxluB ascpairimaiit «aa parfomad In 100 • ! 
oonieal flaak oontalning SO e l of ndxtus^ a omoiatlfif 
of 0*5 B1 of taat aoXution and 24*5 BI of fonio aoid 
aolutlon* 70 thla nixtura 0*5 gn of air drlad raain 
ia if^  fona waa addad and tha aiartura waa agitatad oa 
a ehAkln^ watar bath naiatolnad at 90 * 1^ 0 for thraa 
honre* After the oo»platlon of tha ahakln^ i: tlrse tha 
slxtiira vaa filtered mnd the natal waa detevedaed in 
the filtrate* 
o 1 
2,8 giB of realR In wattr wftii poursd into a 1*06 ea 
di«»«t«r QOlttBoit glHng a i&«islit of S <»u th« r«sin 
ffaa oi»iv«3Ptoil into th« H*** fozn by trashini with about 
50 Bil of SK b^Aroohlorio aoid and aitbaaquaatlir witli 
wator* th« oolmni «aa aaturatad b^ r pasaago of 50 ml 
of 0»051f fomie aoid» and than tlia aixtura of aireoniua 
en^ thoriufi (in 0«08if fomio aoid) naa addad. flia 
ci]*ooaiua waa alutad by paaeinf 0*0511 foreio aoid 
throng tba ooltism at a flow rata of 14 nl/aiii* Hathar 
aora altiant waa nm turo^^ than waa raquirad* ?ita 
oolum waa finally waahad with 10 • ! of watar* fha 
thofittB waa attippad with 3*01! aulphavie aoid aolutl^m 
at a flow mte ot 1*5 nl/sin* fha afflaimta wara eollao* 
tad aaparatalyy and tha natal iona wara datavainad* 
t^gftiiif^ iff*!, iffi n^Wffli4li fifffli MlM^il ^•^ m of 
air driad raain waa aoakad in wata?* Tha alun^ of tha 
raein in watar waa pourad into a oolttwi with innar 
diaaatar 0*9 o«i and oomrartad to tha H*** fom* Mixttiraa 
of sireoniiiK and galliua in 0*05M fondo aoid wara 
paaaad through tha eoluiBn at a flow rata of 3*5 nl/ain* 
Tha galliua adaorbad atrongly and tha airooniua paaaad 
r 1 
vtveiiirht through* OalUtie was «ttbii«qtt«itly tinted 
with 1.3M l^droohlorio aoid nt A flow rut* of 1*5 eil/ 
mln* 7he motal loas pr««ent in th« tfflutnte were 
d*t«n)in«d 8«paz«tely« 
M&raUim n Mwitft fvm ^mm* A aiuny of 
1 IP of eir dfled roain in wntor waa poured into a 
1»05 om <tt^ ft«t«r OOIUBBI* fha r««ln waa oonvartad to 
H^  form* fha oolunn was aaturatad hy paaoaga of 50 al 
of 2W. formio aoidf and them tha nixtura of Momith 
one! ooppar waa added (in SSl^ l foraio aoid)« ?ha Ma&mth 
waa @ltitad t>y paaaing Bora ^3M fomio aeid throaj?;h tha 
ooimm* at a flow rate of 3*0 al par ninuta* tht ooppar 
adoorbad on tha raain and tha bianath paaoad in tha 
affluent* Tha ooppar waa tlntad with 2tW hydroohlorie 
aeid aoluticm at a flow rate of i«8 nl par sinuta* 
aM^gffff^ftyffllfi gfHiiffff* «^P«JP •*rtl»9 of tha oixe 
4 X 36 OB wore out from WhatBan llo.l ahaats* The atripe 
ware plaoad on the hanger in the t«nk oontaining foraio 
acid 0dluti<m0 of tha deairad aolarity (0«Oi-i«OM cmly)* 
After the atripa heo^ie aaturated with fonsio aoid 
ooluticma uaed aa eleotrol^tOf the oatione were applied 
) 
at th« Biddl.* of the paper and the tank waa eovered 
with gl«9« pXate* Fron a power attpply unit 800 volta 
were applied on the eleotrodea of the apparatus and 
the eXeetrophoreaia waa perfomed for 3 hours* After 
the QOispletiOA of time the atripa wera tak^ out and 
dxled in air o^m and were deteoted bjr dipping in 
auitable reag«)ta« 
- 4 
R E S tr L f S 
« 
7he ftdtsorptioii buliavlottr ^baerred for tba 
varioas «X«s«iita ia a^^oas (0«01»1«0M) formio aold 
la atm&ariaad in figura M aa a plot of th« aiatrl-
bistioa Qoaffioient (Kd) m* aolarity of formio aeid, 
the aiatxibutloa ooaf£loi«nto of SO aataX iona dotor* 
isined In vaxytng aolarlty ( ^ • S5M} of fostsio aold 
are roeordad In table XI« 
f A B I. ^ XI 
















l i 6 
58 






































M i d i ) 
CodD 
B i ( l l l ) 
M i l l ) 
Xn(III) 
C e ( I I I ) 
P r ( I l I ) 






















































t . A . 
366 
IIM 















g a ( I l ) 




F b ( H ) 
81(11) 
00(11) 
B i ( I I l ) 
Mm) 
I n d l l ) 
C«(1II) 
P r ( I I I ) 
T ( n i ) 
H4(III ) 
a a d i i ) 
f h d ? ) 
Sir(I?) 















































































t . A . 





























































g o o o 












Ki TuXues of variQUR s e t a l ion® In th« ( I t l ) 
mi3rtttr«« of 3i forsio sold 4 ft(|aeouo dlo^im oolutloaa 
of vftzying eonaontration ure rooordod in %mhXe XII* 
f A B t F H I 
DiUTRIBOnOI? OOEPnCI^TS III AQOKOUS BIOXAH • 3li 
FOHMIC ACI3 
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Cd(I l ) 
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JmiUl) 
I n ( H l ) 
OodXI) 
pHin) 
H d d i i ) 
3 a ( I I l ) 
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A ntxnlier of separmtions w«r9 found pofloi))le* 
However, a few qtaantitativo si^Arations w«r« trt«d tmd 
achieved pmotioelly* fhe reaulta are auoitiirleed In 
tallies XIZI, XI7 and xn 
f A B I» E n i l 
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In ord«r to studjr the e«oiiazd«[s of adsorption 
of cations twm fonalo sold* eleotvofhopotlo studios 
were poirfomsd and the rtsuXts are synaaarissd in table 
Xfl« 
1 I I + I 
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p I s c 0 s a I 0 IT 
The adsorption behaviour ot »«t«l icms in fowelc 
aold reported In this eimpter e^n be iiiaeaased under 
three heedat («) Adeorptlcm fros: dilute eolutlons of 
formie nold» W Adsorption froa strong soXutitme of 
foreio eold and (o) Adsorption fron nixed foimio eeld-
dloxen iiedlA* 
(ti) AdsQgpti^t froB d^Iut^ soIutl<ms of forwio eoidt 
In flf* 14 distribution ooeffloiente of 12 netsl 
lone in aqueous fomio aeid of varied molarity (0»01<»U0BI) 
are showa as plots* Total ads* denotes an elinent not 
detected in the solutiim after equilibration with the 
resin* 
Mai^ esiuet« sinOf bi^nuth and yttrius are a l l 
partially adsorbed* The variation in Rd values elth 
fer»ie aeid oone«qitration eungeeto that eiore than one 
ionio speeies are present of each aetal at different 
ooneentrations* This i s also eupperted by the eleotro-
phoretio experiaient eummarised in table XVI* 
f i /; 
Carina (II) 1» luse «d»03E%«d In the (0#3-^.61) 
HCOOH tfmg« vh«iF«fi8 i»n^aii»0e (XI) i s mieh more adoorbea 
in tbla r«agt» «Jid therefore oim b© sfiparftted from 
CfidiBiuii (II)» Lead (11) beheree aifferentlyt ivlth aa 
ino70as« in tli« AoXarit;r of foxstie aeid tbe adsorption 
bsoc^dng Isss* fhis nay be dtte to the fact that a 
stable positiveiy charged oo^lex of lead with fox^io 
aoid i s iomed even at moderate ocmoentrationa. the 
8eparati<m of lead (IX) froei eadtsiuii (XX) and manganese 
(XI) se^as to be possible in this iwi^e* 
Copper (IX) «nd Cobalt (IX) are strongly adsorbed 
on the resin frois (0«Oi«i»OM) foftsio aoid and therefore 
thei^  ean be aeparated from the oations whieh are lees 
strongly adsorbed* 
MrooniuB (IV)t thorius itV)^ and galliu»(XIX)t 
Eireoniuffi i s not adsoHjed froB 0«05i HCOOH while thorium 
and gallitm are very strongly adsorbed oTer the whole 
range of aoid eoncentrations studied* Thert^fore sir* 
ooniuis i s sttooessfully separated from thorium and froa 
ifftlliuB by eluting i t with 0»05M HCOOH (see tables XIII 
and XXV). Lister and MoDonnld (8) hawe studied the 
behaviour of sirooniuis in dilute solutions of IIHO,» 
HCIO^  and HgSO^  and have found evidence for both anionic 
( • ^ 
end Ofttionio speoie* oontaining eirecmltiia* Slnoa tb« 
adsorption of liroonluiii on ofttlon ewehtms^^ Teoin Srom 
r^ryiriff ajolerlty of foreio iioid la nefdi^hlet I t aprxmrt 
that eipe<mluiii eselata In mora than ima finlonlo apeolaa 
dopandlng iip«i tha fonsio aoid oonoantratlon* Thla la 
aup|)Ortad hy the alaotrophoratio bahaviour of slreonlus* 
W Adaerptlon tiom atrong aoltitlwia of foralo aoldi 
7ha dlatrlbutlon ooafflolmita of ^ malal Ions 
In HCOOII aoltttlone of varied molarity (S.O-es.OM) art 
^rmi tn tabla XIt 
linoClDt nanganaaadDt nlekal( l l ) end ool>eXt(ZI}t 
2ino and nanganaaa iutr^ aXaoat tha aaisa adsorption 
bahavlour ovar tha antlre range of formlo aold oonoan* 
tratlon* And thaaa two metal lona oannot be aaparatad 
by ualn^ any aold oonoantratlon* Wlokel and oobalt 
ahow aoise Interesting resulta* The adaorptlon of Ml 
deoreaaee with aeld o^io^tratlon t i l l a nlnlaun la 
reaohed at 7M aold eoncentratlon* fha adaorptlon then 
be^ne to Inoreaae and nloIceX la ooispletaly adsorbed 
fro® tlM to 23K formlo aoid» Cobalt on the other hand 
la completely adsorbed frwB HCOC-H aolutlona of a l l 
conoentratlona* fherefore the followlnr separations 
appear to bo poaslblei (^n^ii) and (^-Hi) in liM 
fomio aold, (Mi - Co) in 7M IICOOH, (2^ - Co) and 
(Hn • Co) in S^ formio aoid aolution* 
X.antiuinuai(III)» yttriumdllX, ceriun(III)t naodyniua 
(ZIX)» sASiailuBdll) and pPae«odyfiiiia(IIZ)t Lanthanaa 
and yttrluBi ahow aXsioat tha aae^ a adaorption batuiTlour 
over the entire ren/ra of aoid eoneentrations atudiad* 
^0 separation of thaea two Ions appaaro to he poaaibla. 
Ce(Zll) ia atrongly adeorltad fron low formic aoid oon* 
oantration« Howavar aa tha fozedlo aoid oono«ntr«tion ia 
ineraaaed to 5M the adaorption falln and than ra^aina 
almoat eonatant upto 23M, Aa axpaotad Hdf Bn and Pr 
behave just lika oeriufB(III}« Tharafora no aaparation 
of rara aartha ia poaaibla* llowavart X«(III) or Y(III) 
ean only be aaparetad in binai^ sd^ituraa with Ce« SSf 
ltd and Fr fro» 3M fozxsic aoid solution* 
2;iroonium(Iir) and thoriu»(I7)i With increaaini? 
oonoentration of tha aoid the idroonluiB adsorption 
graduelXjr inoraaaaa» while thoriua ia totally adsorbed 
at a l l eoncantrations of fomtio aoid* A a^aration of 
isirooniuffl froa thorium ia poaaiblt in SM foriBic acid. 
n'V 
I%gii6«iu»( II) and bafitim(XI)i Shone Bttal ions 
snow identloal bohevimtr mid thmlr KA ir«lu«8 r«m«iii 
«l8iO»t stfttioRftxy at vmiylfig tovmie aeld oono«ntration, 
GftIUu«(m) and lndiuB(III)i GaUius i s strongly 
adsorbed at a l l conoantrations of the aoid« l o appra* 
eial>la variation in adsorption of indiuB ia obaarrad 
tiith inoraaaa in tha aoid otmoantration* f hare fort 
indiuia oan b« aaparated froa gallium in 3M formio aoid* 
CopparClI)* MamitiiClXDt oadiaiti»(IX} and laad(XX)i 
Tha adsorption of ooppar inoraaaaa ulth inoraaaa in tha 
aoid e(mo«nttration vhila that of biivsuth ^mevtiBmt and 
i s lotsaat in E3M fonsio aoid* fharafora biamnth ia 
aaaily aaparetad frois oopper qnantitativ«ly» by alntin^ 
i t «rith 2m fomio aoid (aaa tabla Xf)« tha diatribuo 
ti<m ooaffloiimt of oadmiuia m^ains oonatant npto i3M 
HCOOn, FroB %m to 2m moon a rariation in tha iCd 
vaXuaa ia obaarvad vhioh oan not ba esiplainad* X>aad 
ahowa en intaraating bahaviour* Ita adaorption gradually 
inormB999 with an inoraaaa in nCOOH omioantratlon upto 
IIM t h ^ i t r«R0ina constant froa %m to 19M HCOOH. 
With further inoraaaa in the oono«atration of aoid a 
aharp inoraaaa in Kd iralue ia obaarrad at 2dM formio 
aoid. 
J 
<o) #aerpt lOi | fro* iaix<^ fomte aoid » nmwuM 
Lt •Fi4:f^a.j:ii' 
fh« Kd iralues of SO ee ta l Ions dotomlned in (111) 
Biixtur« of m fowftic aold • ftqueotts dioiran of vaiylng 
oonoantratlem arv f^v«n i n tablo XT I* 
09Xluin(IIX)» prtieeo(tyi!ium(III)» n«o(liyalun(III) «n^ 
memmrivMlll}* ^11 th&»9 aetitX ione nhow « siallftF 
behsTiotir #nd ar© (Kmplattly adaorliod ttcm SI formie 
aoid* HowoTort as aqueoua clioxan i a added the ad80it>-
t ion f a l l s and r<main» omv@tant« 
Indii2ii(IZI}i 9adsiium( XI) i yttxlttm(III)» ma^aaiua 
( l l ) t BtenganaaeCIX) and bariu£^(II}i The edaoitttion 
of indiim and aanganaaa inoreaaaa gradually with inoiraeaa 
in the ocmoimtpation of dioxfrn* while a reverae order i a 
obaenred in the oaae of oad@iu« and mai^eaittB* Ho pro-
nounced variation i a obaenred in the ease of bariuai and 
yttrium* 
Ianthanue(III)» lead(I l ) and oopper(II)i An 
inoreaae in the adaorntion of theae ae t a l iona i a 
n 
oboerved in the bepinimi and with the inoreaae in dioiren 
A 
oonoentratiofi the l^ d valtie nlao inoreaaea and r<^aina 
oonatant (mwarda* 
89 
ThoiriuadV), i^alliua(lll)9 niQkel(XI) mi cobalt 
(II) mt0 •tfongly sdaorbedi fnm all oonoentx^lions of 
dioarart In i t s mixturo witli 3M foRilo acid. 
fhn following »0pmvn%i(m9 ctm bo oeaily 80hitvo4 
in tho edxod dioxaJv»f07aio aei4 eolttticms n«ntionod 
ftgninot ofiOh oeparation i (?b • Cu) - 10"^  dioxim ttixture 
fdth 3» fOfiBio aeidi (Ba • 1*6.) in im ncoOli • 90-^  a^ ittnoaa 
diOKan) aiixtttroi (Cd - Oii> in (liX) adjrtupo of 70€ 
aqueous dioxan • 31! fomio geid* 
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ADSORPTION OF CATIONS FROM FORMIC ACID 
SOLUTIONS ON STRONG ACID CATION-EXCHANGE 
RESIN 
SEPARATION OF ZIRCONIUM FROM THORIUM AND FROM 
GALLIUM 
MoHSiN QuRESHi, WAQIF HUSAIN and A. H. ISRAILI 
Department of Chemistry, Aligarh Muslim University, Aligarh, India 
{Received 14 August 1967. Revised 17 January 1968. Accepted 16 February 1968) 
Summary—The adsorption of Pb(II), Cu{II), Bi(III), Cd(II), Mn(II), 
Co(II), Ga(III), Y(III), Zr(IV) and Th(IV) from aqueous solutions of 
formic acid on cation-exchanger Dowex 50W-X8 has been studied. 
Electrophoretic measurements have also been made. Possible separa-
tions are suggested and discussed. Zirconium may be quantitatively 
separated from thorium and from gallium. 
FORMIC acid is known to form complexes with many metal ions/~* and use has been 
made of some of them to facilitate separations. Korkisch and Urabay* have shown 
that uranium can be separated from copper, lead and gadoHnium on anion-exchange 
resin with 1; 9 formic acid-methanol for the first two separations and 1:9 formic 
acid-isobutanol for the last. However, only a few studies on the adsorption of metal 
formate complexes on cation-exchange resins have been reported^-*'^  and the present 
work aimed at a more detailed study of this field, resulting in some interesting possi-
bilities for separations. Among these was the quantitative separation of zirconium 
from thorium and from gallium. 
EXPERIMENTAL 
Reagents 
Ion-exchange resin. Air-dried Dowex 50W-X8 (100-200 mesh) in the Na+ form was used, con-
verted into the H+ form by washing with 3M hydrochloric acid, washing with water, and drying in 
air. 
Standard metal solutions, 005M. Prepared from the chlorides or nitrates of the metals, dissolved 
in demineralized water. When necessary, the minimum amount of hydrochloric or nitric acid was 
added to prevent hydrolysis. 
Apparatus 
For the electrophoretic studies, an instrument made by Eastern Laboratory Instruments (India) 
was used. 
Determination of the metal ions 
All the metal ions were determined titrimetrically with standard 0-002MEDTA, suitable indicators 
being used. 
Determination of distribution coefficients 
The batch equilibrium method was used to determine the coefficients according to the relationship 
_ Hgoi element per g of resin 
/ig of element per ml of solution 
To 0-5 ml of test solution and 24-5 ml of formic acid of the desired molarity (0-01-1 -OM) in a 100-ml 
789 
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conical flask was added 0-5 g of air-dried resin in the H+ form, and the mixture was agitated in a 
water-bath at 30 ± 1° for 3 hr. The mixture was then filtered, and the element determined in the 
filtrate. 
Separation of zirconium and thorium 
A slurry of 2-2 g of resin in water was poured into a 1-OS-cm diameter column, giving a height of 
5 cm. The resin was converted into the H+ form by washing with about 50 mi of iM hydrochloric 
acid, then washed with water. The column was saturated by passage of 50 ml of 0-057Wformic acid, 
and then the mixture of zirconium and thorium was added (in 0-05Macid). The zirconium was eluted 
by passing more 0-05M formic acid through the column, at a flow rate of 14 ml/min. Rather more 
eluent was run through than was required, then the column was washed with 10 ml of water. The 
thorium was eluted with 3-OM sulphuric acid at a flow-rate of 1-5 ml/min. The effluents were collected 
separately, and the metal ions determined. 
TABLE I.—QUANTITATIVE SEPARATION OF ZIRCONIUM AND THORIUM 
Volume of efiluent 
Eluent A, 































































Separation of zirconium and gallium 
A slurry of 1 g of air-dried resin in water was poured into a column of diameter 0-9 cm, and 
converted into the H+ form. Mixtures of zirconium and gallium in 0-05M formic acid were passed 
through the column at a flow-rate of 3-5 ml/min. The gallium was strongly adsorbed and the zir-
conium passed straight through. Gallium was subsequently eluted with 1-3M hydrochloric acid at a 
flow-rate of 1-5 ml/min. 













































Whatman No. 1 paper sheets were cut into strips 4 x 36 era, and the strips were allowed to sat-
urate in the tank with the formic acid solution. The metal ions were applied at the middle of the 
paper, the tank was closed and a potential of 200 V was applied for 3 hr. The strips were then dried 
in an oven, and the metal ions detected by dipping into suitable reagent solutions. 
RESULTS AND DISCUSSION 
The adsorption behaviour observed for the various elements is summarized in Fig. 
1 as a plot of the distribution coefficient K^, vs. molarity of formic acid. Total ads. 
denotes an element not detected in the solution after equihbration with the resin. The 
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results of the electrophoresis experiments are summarized in Table III. It is clear 
that positively charged complexes are formed for all the ions with the exception of 
zirconium, which seems to have a negative charge. 
Magnesium, zinc, bismuth and yttrium are all partially adsorbed, and the variation 
in K^ with formic acid concentration suggests that more than one ionic species is 
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600 
3 0 0 
FIG. 1. 
0-01 
Molarity of HCOOH 
-Adsorption of cations from HCOOH solutions. 
Lead behaves very differently from manganese and cadmium which are rather 
strongly adsorbed, and a separation of lead from these two would seem possible, 
particularly in more concentrated formic acid solutions. 
Cobalt, copper, gallium and thorium are all very strongly adsorbed over the whole 
range of acid concentrations studied. 
Zirconium, thorium and gallium have already been discussed, and the separations 
studied (Tables I and 11). The behaviour of zirconium in acid solutions (nitric, 
perchloric, and sulphuric) has been studied by Lister and McDonald' who found 
evidence for both anionic and cationic species containing zirconium. The adsorption 
and electrophoresis studies reported here would support the assumption that anionic 
species exist in formic acid solutions. 
Acknowledgement—The authors express their gratitude to A. R. Kidwai and S. M. F. Rahman for 
research facilities and for their interest in the work. 
Zusammenfassung—Die Adsorption von Pb(II), Cu(II), Bi(III), Cd(II), 
Mn(II), Co(II), Ga(in), Y(III), Zr(IV) und Th(IV) aus wabrigen 
Ameisensaurelosungen an dem Anionenaustauscher Dowex 50W-X8 
wurde untersucht. Auch elektrophoretische Messungen wurden 
gemacht. Trennungsmoglichkeiten werden vorgeschlagen und diskut-
iert. Zirkonium kann quantitativ von Thorium und Gallium getrennt 
werden. 





! I t t t t t 
~ i ^ n 1 _J rn 
. J f i J. 9 
t I I 1 
t t t t i 
»-H l - l T f ^ 
f^ -1H « : 
H-it I t , l t 1 1 : t 
vi> I cA v^ f f ? 6 
11 
T" 9^  
t 
t^  




t ' t 
t t ^ t 
9 1 
•r A ^ °? S J. 2 ^ J. I ^ ^'i" 
V 2 "^  
c^  ^ '-' 
U-1 I C4 ' , 
1 " ^ C v«n 
r j 
—I ,—I m 
r>i 
1 I t l l l ^ t l 
O li-i j_j o ^ "^ f ^ ^ in" 
2 2 ' ^ 2 i 2 9 § 2 
I I I 1 I I I I 
I t "Ill^Itllltt 
O , 
o 
I 1 I 
t f t 
6 
(N 




t t t + * ' ' 
' I 1 ' I f ^Cr^-
2"oN2^^i^. 
Adsorption of cations from formic acid 793 
Resume—On a etudie I'adsorption de Pb(II), Cu(II), Bi(IH), Cd(II), 
Mn(II), Co(II), Ga(in), Y(IH), Zr(IV) et Th(IV) sur I'echangeur 
cationique Dowex 50W-X8 a partir de solutions aqueuses d'acide 
formique. On a egalement effectue des mesures electrophoretiques. 
On suggere des separations possibles et en discute. On peut separer 
quantitativement le zirconium du thorium et du gallium. 
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Separation of Metal Ions on Titanium(iV) Tungstate Papers'' 
MOHSIN QURESHI and WAQIF HUSAIN 
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Summaty 
Papers impregnated with titanic tungstate have been used to chromato-
graph 52 cations in 45 aqueous and mixed solvents. Experimentally, a 
large number of complex cation separations have been achieved easily and 
rapidly—Au=^ TV*, Ag% Mo**, K*, Rb% CS% Ni^, SV\ Bi=% Be'^ and Tl* 
can be easily separated from numerous metal ions. Several quaternary, 
ternary, and binary separations have also been achieved, and some im-
portant separations are discussed. 
INTRODUCTION 
The synthesis of new inorganic ion exchangers and their use for the 
impregnation of chromatographic papers has been recently reviewed 
(1,2). Since the pubhcation of Inorganic Ion Exchangers by Amphlett 
we have been interested in synthesizing new inorganic ion exchangers 
and exploring the possibility of using them in inorganic paper chroma-
tography [SS). There are a number of advantages in using these 
exchangers for paper chromatography: (a) these papers are more 
selective than untreated papers, since now the Rf values depend on 
partition as well as on ion exchange (b) they are easy to prepare— 
their ion exchange material and their ion exchange capacity can be 
altered at will according to the requirements of a particular separa-
tion; (c) the separations on these papers are fast, predictable, and 
reproducible. 
* Presented in part at the 5th International Symposium on Chromatography 
and Electrophoresis held in Brussels, Belgium, September, 1968. 
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These advantages are further enhanced if mixed solvent systems 
are used for cation separations. Some efforts in this direction have been 
found fruitful in this laboratory (4,5). However, the separation po-
tential of papers impregnated with synthetic inorganic ion exchangers 
has not been fully explored and it needs further study. As far as we 
are aware titanic tungstate papers have not been used for cation 
separations. We have, therefore, studied the chromatographic behavior 
of 52 cations on titanic tungstate papers using 45 solvent systems. In 




Development was performed in 20 X 5 cm glass jars, using the 
ascending method on 14.5 X 3 cm Whatman No. 1 paper strips. 
Reagents 
Chemicals and solvents were either E. Merck (Darmstadt) or 
British Drug House (B.D.H.) AnalaR reagents. A 15% titanic chloride 
solution (B.D.H.) was used. 
Preparation of Ion Exchange Papers 
A. 0.25 M solution of titanic chloride and a- 0.25 M solution of 
sodium tungstate were prepared in distilled water. Paper strips were 
first passed through titanic chloride solution for 3 to 5 sec; the excess 
titanic chloride was removed by placing the strips on a filter paper 
sheet. The strips were then dipped in sodium tungstate solution for 
5 sec and the excess was drained off. The strips were dried at room 
temperature overnight, washed 3 times with distilled water in order 
to remove excess reagent, and were finally allowed to dry at room 
temperature for 12 hr and used as such. 
Cation Solutions 
A 0.1 M solution of chlorides, nitrates, or sulfates of most of the 
cations were prepared in 0.1 M solution of the corresponding acids. 
Antimony (III) and Bi(III) chlorides (0.1 M) were prepared in 30% 
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(v/v) HCl solution. One per cent solutions of Au(III) and Ga(III) 
chlorides were prepared in 4 M HCl solution and 1% niobium penta-
chloride was prepared in 10% tartaric acid. Selenium dioxide was dis-
solved in water and made alkaline with 1 N KOH solution. Ceric 
sulfate was prepared in 3 A^  H2SO4; mercuric nitrate solution was pre-
pared in 0.5 A' HNO.s; and AS2O3 and Be(N03)2 were dissolved in 1% 
HNO3. 
Detectors 
Saturated H2S solution was used to detect Ag+, Pb-+, Hgi+, Hg-*, 
Bi^ +, Tl% Cd^+, As'^ ,^ Sb=% Pd=+, and Cu^+; a fresh solution of sodium 
cobaltinitrite was used to detect K*, Rb+, CS"; a 0.1% alcoholic solu-
tion of Alizarine Red S was used to detect La^*, Ce'^ Ce^+, Y^ ,^ Zr'^, 
Th"*, Hf^ % In''^ Ca2+, Nb=^ Pr'^ '^ , Sm^% and Nd^'-; stannous chloride in 
HCl was used to detect Au^ % Pt^ % Mo«% Te^% and Se-*"; Al''+, Be-\ and 
Ga''+ were detected by 1% alcoholic solution of aluminon; Diphenyl 
carbazide was used to detect Mn'+, Cr^ **, Ir"*, and Zn'+; Fe='+, V +^; UO2+ 
were detected with KiFelCN);,; Alg-* was detected with quinalizarine; 
a fresh 5% solution of sodium rhodizonate was used to detect Ba-* and 
Sr^+; Ru^+ was detected with 2 N HCl solution of thiourea; Sn-' and 
Sn''+ were detected by phosphomolybdic acid solution and dithiozone, 
respectively; and Ge^* was detected by first dipping the strip into 
HNO3 solution of ammonium molybdate and then into acetic acid 
solution of benzidine and exposing to ammonia vapors. 
Procedure 
Fine glass capillaries were used to apply the test solutions on papers. 
The chromatograms were conditioned for 5 to 10 min and then the 
solvent was allowed to ascend 11 cm from starting line on paper in 
all cases. Time of development has been specified with each solvent. 
To obtain a clear picture of the size of the spot, instead of simply 
giving Rf values of the spot, the Rf of the front limit {RL) and Rf of 
the rear limit (RT) of the spots are given in parentheses. Thus Aln^* 
(O.OO-O.U) means that its RT is 0.00 and its RL is 0.11. 
RESULTS 
In many cases it was found possible to separate one cation from 
numerous metal ions. These separations are summarized in Table 1. 
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TABLE 2 
Separations Achieved Experimentally on Titanic Tungstate Papers 
Solvent system 
Separations achieved, 
metal ion {RT-RL) Time 
Acetone + acetic 
acid + ra-butanol + 4 M 
HCl (1:1:1:1) 
1 M Ammonium formate 
in 4 M NH4OH 
0.25 M Malonic acid in 
3 M NH4OH 
n-Butano) + HCl (7:3) 
Ethyl methyl 
ketone + acetone 
+ 50% HCl (1:6:1) 
1 M NH4SCN + 1 M 
HCl (1:1) 
AF+ (0.16-0.34)-rn3+ (0 .42-0 .59) -
Ga'+ (0.66-0.70)-TP+ (0.93-1.00) 
AF+ (0.15-0.32)-Be2+ (0 .36-0 .58)-
Ga^+ (0.63-0.69)-TP+ (0.93-1.00) 
Ni^+ (0.13-0.30)-Pd' '+ (0.46-0.63) 
N d " (0.00-0.16)-U0j'+ (0.33-0.55) 
Fe2+ (0.18-0.33)-Fe'+ (0.64-0.70) 
T1+ (0.00-0.06)-Cu2+ (0 .35-0 .58)-
Ni«+ (0.72-0.94) 
Fe3+ (O.OO-O.OO)-Cu" (0 .35-0.58)-
Ni'+ (0.73-0.94) 
U0^+ (0.00-0.00)-Mo«+ (0.79-1.00) 
Pt<+ (0.00-0.00)-Ni '+ (0.73-0.94) 
Hg«+ (0.00-0.23)-Ag+ (0.73-0.89) 
Bi+3 (0.00-0.00)-Cu2+ (0.21-0.45) 
Ag+ (0.72-0.90) 
Pb2+ (0.00-0.00)-Cu'i+ (0 .23-0 .48)-
Ag+ (0.76-0.94) 
Hg2+ (0.00-0.09)-Cd2+ (0 .27-0.55)-
Ag+ (0.73-0.90) 
Mn>i+ (0.00-0. Il)-Ni2+ (0.72-0,97) 
T1+ (0.00-0.08)-Ag+ (0.73-0.90) 
Cr'+ (0.00-0.13)-C02+ (0 .50-0 .72)-
F e " (0.95-1.00) 
Ni2+ (0.05-0.17)-CO2+ (0 .52-0 .70) -
Fe3+ (0.95-1.00) 
T1+ ( 0 . 0 0 - 0 . 0 9 ) - B i " (0 .43-0 .63)-
Hg2+(0.81-0.91) 
A1S+ (0.00-0.09)-Be2+ (0 .16-0 .36)-
Ga3+ (0.81-0.92) 
Al'+ (0.00-0.08)-Be2+ (0 .14-0 .35)-
Fe'+ (0.70-0.80) 
Cr3+ (0.00-0.09)-UO|+ (0.71-0.77) 
C r " (0.00-0.09)-Zn2+ (0.72-0.83) 
V«+ (0.09-0.21 )-U0^+ (0.68-0.73) 
TQ*+ (0.00-0.07)-Pd2+ (0 .35-0 .55)-
Ni2+ (0.73-0.95) 
Te<+ (0.00-0.07)-Pd2+ (0 .32-0 .55) -
C d " (0.79-0.93) 
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TABLE 2 (Continued! 
Solvent system 
Separations achieved, 
metal ion (RT-RL) Time 
2 M NHiBr + 2 M 
HBr (1:1) 
O . I M E D T A + IM 
NH4CI + 1 M 
NH4OH (2:1:1) 
Acetyl acetone + 
acetone + 50% HCl 
(6:3:1) 
Ethyl acetoacetate + 20% 
methylamine hydro-
chloride + HBr (9:2:4) 
Ethyl methyl ketone + 
acetone + 50% HCl 
(6:3:1) 
n-Butanol + dioxane + 
50%HNO3 (3:1:1) 
Sb'+ (0.00-0,10)-Bi»+ (0.75-0.94) 20 min 
Te^+ (0.00-0.10)-Au'+ (0 .30-0 .50)- 25 min 
Xi'-+ (0.83-1.00) 
Se^+ (0.00-0.10)-Au3+ (0 .32-0 .52)- 25 min 
Ni2+ (0.83-1.00) 
Cr'+ (O.00-O.00)-Mo6+ (0.74-1.00) 20 min 
UO'j+ (0.00-0.00)-Pb2+ (0.88-1.00) 20 min 
Ge^+ (0.00-0.07)-Mo'=+ (0.71-0.99) 20 min 
Mn2+ (0.00-0.09)-Zn'+ (0 .25-0 .48)- 25 min 
Ga'+ (0.74-1.00) 
T1+ ( 0 . 0 0 - 0 . 0 0 ) - Z n " (0 .25-0 .47)- 25 min 
Ga=+ (0.74-1.00) 
Y3+ ( 0 . 0 0 - 0 . 0 5 ) - G a " (0,75-1.00) 25 min 
A l " (0.15-0.35)-Zn2+ (0.64-0.73) 1.00 hr 
Co«+ (0.21-0.41)-Zn2+ (0.65-0.73) 1.00 hr 
Ni2+ (0.00-0.05)-Co2+ (0 .33-0 .42)- 25 min 
Cu2+ (0.53-0.74) 
V«+ (0.00-0.10)-Fe '+ (0.41-0.54) 25 min 
Cr'+ (0.00-0.06)-Fe«+ (0.43-0.58) 25 min 
Ge*^ (0.00-0.27)-Sn<+ (0.89-1.00) 1.30 hr 
In order to emphasize the utility of thallium separations we have 
also given R/ plots (Figs. 1 and 2). 
I t was also found possible to achieve experimentally a number of 
binary, ternary, and quaternary separations. These are summarized in 
Table 2. 
Paper chromatography of those cations that remain at the point 
of application of titanic tungstate papers was also performed on 
plain Whatman No. 1 papers to study whether they are precipitated 
at the point of application, adsorbed after the formation of positively 
charged species, or retained at the point of application as a result 
of a low partition coefficient of the solute in the solvent system. 
DISCUSSION 
Titanium tungstate has been found to exhibit ion exchange {6). It 
is clear from the results recorded in Tables 1 and 2 that titanic tung-
state is a useful synthetic ion exchanger. Papers are easily prepared 
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in cold solutions and they are rather opaque so that one can easily 
see whether impregnation has occurred and also whether the ion 
exchanger has dissolved in the developing solvent. Some complex sepa-
rations are achieved easily and rapidly. A few of them are discussed 
here. 
Titanic tungstate papers are so selective that in many cases one 
metal ion can be easily separated from numerous metal ions (Table 1). 
In this case, only those separations were verified of which the metal 
ions had Rj values close to th'ose of the ion separated. 
Separation of Tl(l) from Numerous Metal Ions 
The T1+ can be easily separated from 22 cations including Cu^+, 
jjg2+^ In^+, Bi=+, Mn^+, Au='% Ga'=+, Zn^+, and Fe'+. These are the cations 
that interfere most in the determination of thallium; n-butanol + HCl 
in the ratio of 7:3 is used as solvent. T1+ is precipitated at the point 
of application as insoluble TlCl, since it also does not move on plain 
Whatman No. 1 paper; other cations move forward as their negatively 
charged chloride complexes. Mn^+ forms a weak positively charged 
complex, MnCP^, and, therefore, moves very little as compared to 
other cations. V^ + and Mg^+ behave similarly. In order to have some 
experimental basis the separation of T1+ was tried and achieved prac-
tically from binary mixtures of Mn^+, Mg^*, V^ + with T1+. 
Separation of TKlll) from Numerous Metal Ions 
It is evident from Fig. 2 that TP+ can be easily separated from 51 
cations using acetone -)- acetic acid + w-butanol -j- 4:M HCl ( ] : 1:1:1) 
as solvent. It is experimentally verified that TP+ can be separated from 
Hg^+, Bi=+, VOl-^, Sb3+, and Fe'+. These are the cations with Rf values 
very close to TP+. This is, therefore, a specific separation. 
Many other important separations are performed quickly and with 
ease on these papers. Thus AP+-Be^+-Ga^+ are separated in 30 mins. 
This is the fastest separation of these three cations yet reported. 
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Hf( 1 .00-0 .62) 
- ?4f»(0.48-0.25) - 25 m i n t e . 
T ( 0 . 0 6 - 0 . 0 0 ) 
C e ( 0 . 0 9 - 0 . 0 0 ) 
l i«(0 .00) 
5 
T A B L K - I I 
(Continued) 
solTent 
systeci Reparat ions acMered Tla« 
Qi*butf«noX •¥ 
DiOKan • 
UOg( UOO-0.83) - V (0 .59-0 .39) -
fc!o( 0 ,^6-0.00) 
TJQgC UOO-0.82) « Pb(0.41«0.g6) 
3a(IV)(0.93-0.70) - Pb(0.34-0.23) 
2 hours 
^ thyl aoe to - CJaf0.77-0. 69) 
acetftt© • ?lCO.CKJ) 





- Al( 0 . 3 6 - 0 . 1 7 ) -
- UOg(0.55-0.44) 
- ?fi( 0 .35-0 .19) 
^ thy l »e thyl Fe ( I I I ) (0 .58 -0 .43 ) - Cr(0.06-0.00) 
ketone • 0uCO.74-O.53) - Co(0.42-0.33) -
!li( 0 .05-0.00) Ao«ton«i 4-50* HCl 




(3« l l l ) ' ^ 
Fe ( I I I ) (0 .59-0 .S0) - I r (0 .05 -0 .00 ) 
•in(I?)(1.00-0.89) - ae(0 .27-0.00) 











Pei?er cnrottatogrephy of thoae ca t ions tha t r«sa in 
«t the poin t of app l i ca t l im o» t i t a n i t i » ( l 7 ) tung»tet# 
prnera vm.B f^lso p^rfonse^ <m p l s i n "^ hiBta^ n^ '^o.l papers 
to study the rntinon for low Sf vftlues. 
0 
sttiTHnjis OF k nm^io^ manmcm AHS ITS 0SK 
FO'-? S-n>AR^ TIOIf 0? MI3AI. 10*151 
Fif teen thoriuK i»oly%>d&te s a s p l e s were prepared 
by raiidnf so iu t lona of thorltiE n i t r a t e nnd solium 
moXybdats under c!ifferent oond i t ions , fhe coiKiltiona 
of p reps ra t ion and sOKe p f ^ e r t i e s p.re fdrmx i n tsbXe 
I I I . 
? A B I, K - I I I 













Oone«!tt r a t i on 8 
, 1,1^  ao^,a,f| ty,, „, 
0 ,025 0 .050 
0 .100 0 .100 
0 . 0 5 0 .05 
Mlxins? 
r a t i o 
(V/?) 
111 












t l o n 
s i x -
twre 
5 .4 
5 . 6 
5 . 8 
0 . 6 
1.0 
3 . 0 
7 . 0 
10 .0 





« .e« i /g . 
0 .67 
0 . 3 8 
0 .34 
0 .54 
0 . 2 3 
0 . 0 4 
0 .67 
0 . 1 1 
0 . 0 6 
0 . 1 0 
Colour 
A f t e r j^ jj g* 




















T A B L f - I I I (Contintied) 
Spssple Conoefitwitl<»i8 Rixlag pH of I o n - Coloar 
?^o. i n g o l a r l t y r a t i o the txchan/^re 
TH SI (Y/f) r«ae - capac i ty Aft«r in H f^iSM t i o n B.«q/|F Arjing fom 
s i x -
2IMS 
! ! • 0.025 0.025 
12. 0.016 0.016 




























Tif • fijorlua ni tratf t^ SH • Soditm &olybd8t«» ^ * White, 
S m Grtwn, T » Tellow, P «> Pure , g • i*lo»8y, B « Bl«#, 
L m Ll,~ht» t « t i n g e . 
Otit of thffse »iwipl#o only BompXes 1,4 MI3 7 were 
choeen for fur ther studlies <m the bis s i s of t h e i r higher 
capaci ty end o tRb i l i t y i n otmparlaon to o the r Bii^>ple8. 
Fffect of c r a n i o and inorgan ic so lvents on the 
e t a b i l l t y of these t h r ee aaisples was s tud ied . 
Effect of heat on th€ ion-exch^iite capacity and 
co lour of the exohsni^er was a l s o invest!^^eted. the 
colotir of the excheng«»r chan^eci from yellow to white 
Krith losB i n capaci ty as the heatiniJ' t«nperati ire inoreaser!, 
5 
X-Hey, p f l - t l t rp t io i i and thensBOgxavlaetrlc s t ud i e s 
mmre EISO performed, ?b.c ion «ifchRii?^er vn.» found to be 
sonofunctional f^nd asorphoua In nut t i re . The ThiJi'o r a t i o 
of aasspleti 1 and 7 WBS foual to be l i 2 «id t h i s was con-
f i raed by coniwctOKetrie and h l rh fr«i«eney t i t r a t i o n n . 
On the b a s i s of the above o tua iee the follo«linr 
B t m c t u r e m^ be t e n t a t i v e l y pro^oaed, 
0!{ 
4 , 4 
OH 
SHoO 
I'he u t i l i t y of t h i s ion aychen^er for a n a l y t i c a l separa-
sions waa eataslned by deteiKlninp the d la t r lb t t t ion 
coef f lc ien ta for 20 s e t a l iona i n aqueous ^ediuas on 
siwsplas 1* 4 and 7 , The r e s n l t a a r e r iven in t a b l e I ? , 
; A B L ^ - I ? 
m%'?m3'nioH coKFPici^fB OP sor? S'??AI. ICM^ OS 
« 9 t a l 
ion 
C T I ( I I ) 
I n ( I I I ) 
A l d l l ) 
S l ( l l ) 
Compoond 
na«d 
Su lpha t e 
• t 




















T A 3 L F, - IV 
(C<mtinu<i4) 
.7«tal 
i o n 
2n{I I ) 
Co{I l ) 
F t ( I I l ) 
3 r ( l l ) 
a a ( I I I ) 
CdClI) 
? t>(I I ) 
C o ( I I I ) 
Y ( I I I ) 






C a ( I I ) 
CoapouRd 




















f . A . 
^ 
T.A. 








yd • a l u « 





t . A. 
100.6 
t . A . 
T. A. 
t . A . 




f .A . 
^K) 
Sanple 7 
0 . 0 0 
0 .00 
f. A. 











6 . eo 
0 . 0 0 
f .A. ai ?o t« l Adsorption. 
On th© eoluiBBte of thor iua so lybdet* (aamsle 7> 69m^/(y<g 
of F e d l l ) wmo »«^ar«ted fro« 110.5/ui? of Co( I I ) , from 
1 2 3 . 5 ^ ? of ZnilDt ami fro» 119/u^ of euCl I ) . Cobelt , 
jdnc and copper were ©luted rdth wmteTm I r o n ( I I I ) wes 
el«t«d with a so lu t ion 8F NH^Cl which was in O.IM 
v i C l . 
A!)sov<pfiojff OF mm At ims m a'^ROKc^  ACID CAfion-fjonmti^: nmm FHOE? mma^ ACID ncm^fims 
The d i s t r l bu t i em coe f J l c i en ta for Cu{II ) , B i ( T I I ) , 
C d ( I I ) , P b ( n ) , M i l ) , ! ln(Il>, O o ( I I ) , MgClI), T (1 I I3 , 
fhClV), 2.r(lV) and C5a(III) from (0,01«.l.0ll) fo ra ic *ci<l 
so lu t i ons on Bowex &>^ • 18 (l(K)-.200 aesh) res in were 
det«r&ined. fo ejitplfiin the di f f a r en t i e l cdaorption of 
the»« metal lona t h e i r e l ec t rophores i s wa« s l s o performed 
in f o i ^ o «oid so lu t ions* ke a resmlt of t h i s study 
mfmy pos s ib l e eeparet ionn eppeered. Thus on e t«2 r 
r e s i n colutm sdrconlua (0«3g-1.02 mf) was i««nti tRtlrf»ly 
separated froe (U05»l«14 n^) thoriuia, 2:r(IV) was eluted 
t ' l t h 0,06K formic aoid« Therlusi wa« s t r ipped with 
3K !l|,SO^, OR a coluiai of 1 ^ r e s i n z i rconlua ( i , 6 3 -
^••SS IBS') was q u a n t i t a t i v e l y s^aif^ted fro» (l»88-»3«76 ap?) 
i^-alliua, Zr(If) WRS ©luted with O.OSM HCOOH and gallium 
was eluted with l.Sfe* HCl. 
In add i t ion d i s t r i b u t i o n c o e f f i c i e n t s for CuClI), 
: : a (2 i ) , miiDt c d ( i i ) , i g C i i ) , B « ( I I > , P b ( i i ) , K i ( i i ) , 
t l o ( l l ) , B i ( I 2 I ) , f ( 2 1 I ) , 1^(111), I n ( l I I ) , GeCllDt 
P r C l I I ) , S d C l l I ) , ; 3 B ( I 1 I ) . Th(I?) , Zr{IV) and Sa ( I I I ) 
11 
were deterainecl i n 3^ , 5K, 7M, 9 1 . ilM, 131?, 15», 19H, 
21t and 23M formle acid* Ble t r lbu t ton coe f f i c i en t s were 
nlao det«irB8in«d for some ®et«l ion® i n (111) mixtures of 
3P formic «cid • aqiieoits diCxffis (10^ - 901 )^ on the aase 
r e s i n . Aa « r«au l t s l a r g e nvmiber of poss ib le separfi-
t i o n s appeared f e a s i b l e . For exjiiapl« on a one «m reeln 
eoluMi Msau tb (0 .83-4 .19 «g) wm» eRslly separated 
qunntitfttiveXjr frcm (l»65->3*24 ag) copper. BiinsYith w&s 
e lu ted with 23K formic acid end copper was el«ted with 
2,5H togrdrochlofle a d d . 
12 
